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EXECUTIVE  SUMMARY 


* The  Bureau  of  Naval  Personnel  has  responsibility  for  controlling  expenditure 

of  the  MPN  funds  and,  in  particular,  for  ensuring  that  this  expenditure  does  not 
exceed  the  amounts  annually  authorized  by  the  Congress.  Forecasting  the  pre- 
cise level  and  timing  of  disbursements  is  a difficult  task,  because  claims  for 
payment  arise  at  a great  diversity  of  sites  and  reporting  delays  can  vary  consider- 
ably. To  guard  against  the  possibility  of  overspending,  the  Bureau  of  Naval 
Personnel  has  refrained  from  planning  to  spend  the  full  sum  allotted  it  by  Congress, 
holding  some  monies  back  so  that  it  can  deal  with  unexpected  obligations.  It 
is  clearly  desirable  that  these  reserve  assets  be  kept  to  a minimum  consonant 
with  a desired  level  of  protection  against  overexpenditure. 

The  purpose  of  this  study  is  to  develop  the  analytical  tools  to  estimate 
reliably  the  proper  margin  of  safety  that  BuPers  should  maintain  to  guard  against 
overspending.  Excessive  reserves  would  represent  an  opportunity  cost  that 
could  result  in  reduced  levels  of  manning  in  the  Navy. 

The  study  contains  three  main  sections.  The  first  provides  a written 
description  of  current  procedures  for  monitoring  and  controlling  expenditures. 

The  second  section  is  a preliminary  analysis  of  the  data;  it  is  a first  cut  at 
defining  what  a reasonably  safe  size  of  the  reserve  would  be.  The  final  section 
presents  a time  series  analysis  of  the  data.  Box- Jenkins  techniques  were  used 
to  explain  the  value  of  the  Actual  Expenditure  for  a given  month  in  terms  of  the 
Actual  Expenditure  for  selected  previous  months  and  the  Planned  Obligations  for 
the  given  and  past  months;  if  one  car  explain  this  value  satisfactorily,  one 
can  predict  expenditures  and  hence  the  size  of  a reasonably  safe  reserve  fund. 

There  are  five  appendices.  Appendix  A contains  a comparison  of  yearly 
appropriation  and  expenditures  for  BA(1)  and  BA (2)  during  the  period  from  1 96 i 
to  1975.  Appendix  B is  a set  of  flow  charts  which  show  in  graphic  form  the 
material  found  in  the  Organizational  Process  section.  Appendix  C contains 
supportive  material  for  the  simple  statistical  analysis  described  in  section  four 


1 


r. 


of  the  report.  Appendix  D contains  the  detailed  results  of  the  time  series 
analysis.  Lastly,  the  six  programs  used  for  the  Box-Jenkins  analysis  and 

> 

a user's  guide  to  these  programs  can  bo  found  in  Appendix  E. 

The  analysis  of  financial  data  of  the  BA(1)  and  BA (2)  accounts  of  the 
past  three  fiscal  years  show  that  BuPers  has  exerted  close  control  in  keeping 
a proper  relationship  between  actual  expenditures  and  planned  obligations. 
BuPers  has  maintained  a reasonable  margin  of  safety  in  those  two  accounts, 

. ensuring  that  actual  expenditures  do  not  exceed  planned  obligations  on  a 

cumulative  basis  during  the  fiscal  years  examined.  However,  further  refine- 
ments and  improvements  in  the  methods  and  procedures  are  possible. 


The  application  of  time  series  analysis  to  the  three-year  financial  data 
has  resulted  in  a model  which  has  the  potential  to  be  used  in  forecasting 
expenditures,  i.e.,  planned  expenditures,  for  BA(1)  and  BA(2)  from  planned 
obligations  as  established  in  the  plan  at  the  beginning  of  the  fiscal  year. 
Furthermore,  the  analysis  shows  that  actual  expenditures  in  the  BA(1)  account 
for  any  year  will  not  exceed  the  forecast  expenditures  by  more  than  9.1  to  13.9 
million  with  a 95%  level  of  confidence.  These  figures  represent  the  margin 
of  safety  needed  in  the  last  three  or  six  months  of  the  year,  respectively,  when 
it  is  assumed  no  further  adjustments  may  be  made  to  the  account  to  increase  or 


decrease  expenditures.  Therefore,  a reserve  of  between  9.1  to  13.9  million 
can  be  maintained  to  assure  that  the  BA (1 ) account  is  not  overspent.  Part  of 
this  reserve,  if  not  all  of  it,  may  already  be  maintained  in  the  difference  between 
cumulative  forecasted  expenditures  from  the  model  and  total  planned  obligations. 
When  this  excess  does  not  account  for  the  total  9.1  to  13.9  million  reserve 
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needed,  a small  contingency  may  be  left  unobligated  initially  as  an  added 
reserve,  a practice  which  is  presently  used  by  BuPers.  However,  should  the 
difference  between  cumulative  forecasted  expenditures  and  planned  obligations 
be  larger  than  what  is  needed,  a now  plan  of  obligations  can  be  used  in  the  model 
to  obtain  a new  forecast  and  an  acceptable  difference.  Similarly,  for  the  BA(2) 
account,  the  margin  of  safety  to  be  added  to  the  forecasted  expenditures  obtained 
from  the  model  is  between  20.4  and  28.8  million.  An  important  caveat  applies; 


these  margins  of  safety  are  realistic  only  if  time  series  analysis  is  initiated 
within  BuPers  and  continually  updated  as  changes  in  policies  and  procedures 
occur.  The  model  and  its  results  hold  only  as  long  as  the  planned  obligations 
and  actual  expenditures  are  consistent  with  the  trend  line  observed  from  the 
three  years  of  data  . Changes  in  policy  and  procedures  may  cause  a divergence 
from  this  norm.  Also,  within  approx  ini  a tely  six  months  of  a given  fiscal  year, 
the  data  on  actual  expenditures  are  sufficient  to  show  whether  or  not  divergence 
from  the  trend  line  is  occurring.  If  divergence  is  apparent,  the  trend  line  may 
need  to  be  reevaluated  and  the  forecasted  results  of  the  model  examined  further. 

The  discussion  on  operation  procedures  for  BuPers  and,  in  particular,  Pers 
3,  represents  an  understanding  that  is  essential  for  appropriate  utilization  of 
the  models  for  time  series  analysis  of  BuPers  data.  These  procedures  should  be 
updated  and  expanded  to  include  in  detail  other  divisions  within  BuPers, 
notably  Pers  2 and  Pers  223,  that  participate  extensively  in  the  MPN  budget 
program.  Should  procedures  for  the  determination  of  this  data  change,  then  the 
model  must  be  changed  in  keeping  with  alterations  made  in  procedures  or 
processes.  Procedural  documentation  then  becomes  a guideline  for  adjusting 
the  model  as  well  as  a good  historical  record  of  organizational  changes  and 
sequential  adaptations  needed  in  the  model.  Updated  records  on  processes, 
procedures  and  interactions  between  divisions  also  offer  material  for  an  efficient 
training  program . 
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2.  INTRODUCTION 


The  Bureau  of  Naval  Personnel  has  responsibility  for  controlling  expenditure 
of  the  MPN  funds  and,  in  particular,  for  ensuring  that  this  expenditure  does  not 
exceed  the  amounts  annually  authorized  by  the  Congress.  Forecasting  the  pre- 
cise level  and  timing  of  disbursements  is  a difficult  task,  because  claims  for 
payment  arise  at  a great  diversity  of  sites  and  reporting  delays  can  vary  consider- 
ably. To  guard  against  the  possibility  of  overspending,  the  Bureau  of  Naval 
Personnel  has  refrained  from  planning  to  spend  the  full  sum  allotted  it  by  Congress, 
holding  some  monies  back  so  that  it  can  deal  with  unexpected  obligations.  It  is 
clearly  desirable  that  these  reserve  assets  be  kept  to  a minimum  consonant  with 
a desired  level  of  protection  against  overexpenditure.  The  amounts  withheld  each 
year  might  actually  be  too  small,  so  that  it  is  by  chance  the  Bureau  has  not 
overspent  in  the  past  due  to  unusually  low  unexpected  obligations.  It  is  equally 
possible  that  they  might  be  too  large,  so  that  the  Navy  is  not  "buying"  as  many 
people  as  it  might.  No  procedures  have  existed  hitherto  to  predict  what  the  proper 
level  of  the  reserve  should  be. 

In  the  past  fifteen  years  this  lack  of  a predictive  apparatus  has  allowed 
BuPers  to  overspend  a number  of  times . BA(1)  was  overspent  in  1962,  1 963,  1969, 
1971  and  1972;  BA(2)  had  overruns  in  1966,  1 969  and  1972  . If  a set  of  programs 
such  as  Ketron  provides  in  an  appendix  to  this  report  had  been  in  use,  then  BuPers 
could  have  protected  itself  against  these  embarassments . Until  procedures  are 
adopted  to  estimate  reliably  the  safety  of  a reserve,  the  possibility  remains  that 
overexpenditure  will  recur. 

This  study  concentrates  on  two  of  the  six  Budget  Activities  with  which  the 
Bureau  of  Naval  Personnel  is  concerned.  Ketron  has  put  its  effort  into 
developing  estimators  for  reserves  to  BA (1 ) Pay  and  Allowances  for  Officers  and 
BA(2)  Pay  and  Allowances  of  Enlisted  Personnel.  Together,  BA(1)  and  BA(2) 
account  for  88%  of  the  total  MPN  appropriation. 
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The  data  base  from  which  Ketron's  anaJysis  proceeded  consisted  of  two 
sets  of  figures.  The  first  contained  information  from  1961  to  1975  on  annual 
expenditures  and  authorization . The  second,  and  more  useful,  set  of  data  was 
the  monthly  record  of  FY  1974-1976  for  Planned  Obligations,  Actual  Obligations 
and  Actual  Expenditures.  The  years  1974-197  6 were  chosen  because  they  are 
the  only  years  for  which  monthly  data  are  still  available.  Ketron  also  examined 
the  monthly  reports  on  strength. 

The  main  body  of  this  report  contains  three  sections.  The  first  provides  a 
written  description  of  the  working  of  Pers  3,  the  portion  of  the  Bureau  which 
monitors  and  controls  expenditure.  It  provides  the  foundation  on  which  the 
remainder  of  the  study  is  built.  The  second  portion  of  the  report  is  a preliminary 
analysis  of  the  data;  it  is  a first  cut  at  defining  what  a reasonably  safe  size  of 
the  reserve  would  be.  The  final  section  presents  a time  series  analysis  of  the 
data.  Using  Box-Jenkin's  techniques,  we  tried  to  explain  the  value  of  the  Actual 
Expenditure  for  a given  month  in  terms  of  the  Actual  Expenditure  for  selected 
previous  months  and  the  Planned  Obligations  for  the  given  and  past  months;  if 
one  can  explain  these  values  satisfactorily,  one  can  predict  the  size  a reserve 
fund  needs  to  be  if  it  is  to  be  at  a reasonably  safe  level. 

This  report  is  ended  by  five  appendices.  The  first  contains  a comparison 
of  yearly  appropriation  and  expenditures  for  BA(1)  and  BA(2)  during  the  period 
from  1961  to  1975.  The  second  appendix  is  a set  of  flow  charts  which  report  in 
graphic  form  the  material  found  in  the  Organizational  Process  section.  Appendix  C 
contains  supportive  material  for  the  simple  statistical  analysis  described  in 
section  four  of  the  report.  Appendix  D contains  the  detailed  results  of  the  time 
series  analysis.  Lastly, -the  six  programs  used  for  the  Box-Jenkins  analysis  and 
a user's  guide  to  these  programs  can  be  found  in  Appendix  E. 

Ketron's  results  should  be  utilized  with  the  understanding  that  they  apply 
only  so  long  as  BuPers  utilizes  the  present  system  of  calculating  obligations. 
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Our  assumptions  remain  true  given  that  the  practices  of  the  past  three  years 
continue  in  use.  If  there  are  any  changes  in  the  methodology  employed  by  Pers  2 
and  Pers  3,  or  if  there  are  policy  alterations  which  affect  the  outcome  of  the 
procedure,  the  impact  on  our  conclusions  should  be  understood  before  BuPers 
uses  them  any  further. 

We  are  sincerely  grateful  for  the  help  that  Commander  W.E.  Henry,  Edward 
Timko,  Lorraine  Lechner,  Sue  Lutz  and  Robert  Lehto  gave  us  in  our  attempt  to 
understand  the  workings  of  the  MPN  account. 
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3.  ORGANIZATIONAL  PROCESSES 

3 . 1 Introduction 

This  chapter  presents  a description  of  the  responsibilities  and  processes 
of  the  Bureau  of  Naval  Personnel  for  developing  and  maintaining  the  MPN  bud- 
get for  a given  fiscal  year.  A review  of  total  Department  of  Defense  and  Navy 
planning  begins  the  discussion  to  provide  the  structural  and  monetary  framework 
within  which  BuPers  must  operate.  The  discussion  then  focuses  on  a detailed 
look  at  the  interaction  of  the  various  units  within  Pers  2 and  Pers  3 as  they 
prepare  and  revise  the  MPN  budget  for  submission  to  Congress.  The  submission 
of  trie  MPN  budget  to  Congress  ends  BuPers'  first  phase  of  responsibility,  that  of 
the  budget  development. 

Tiie  second  half  of  this  section  describes  in  detail  the  processes  and 
calculations  that  are  used  within  Pers  3 to  record  and  control  obligations  and 
expenditures  throughout  the  current  year.  This  half  explains  how  units  of  Pers  3 
control  the  budget  with  internal  operating  plans  that  are  constantly  revised, 
with  calculations  that  reflect  the  trends  of  actual  obligations  and  expenditures, 
and  with  limited  freedom  to  move  funds  .from  one  BA  to  another.  All  these 
procedures  and  calculations  used  within  Pers  3 have  been  developed  in  an  attempt 
to  expend  virtually  all  of  the  MPN  appropriation  each  year  without  running  the  risk 

of  exceeding  it.  At  the  end  of  this  chapter  one  may  find  a summary  of  the 
responsibilities  within  Pers  2 and  Pers  3. 

All  references  made  to  titles  such  things  as  Pers  223  apply  to  organizations, 
not  individuals . 

3 . 2 Planning  for  Budget  Submission 

Planning  for  future  military  personnel  expenditures  is  a dynamic  process 
that  requires  careful  analysis  of  historical  data.  To  this  end,  the  Department 
of  Defense  constantly  quantifies  and  revises  anticipated  strength  and  monetary 
requirements  to  enable  individual  organizations  within  each  branch  of  the  service 
to  Ludgct  and  request  funds  from  Congress  each  year.  The  Department  of 
Defense  begins  planning  as  far  as  10  years  in  advance  so  that  a current  fiscal 
year's  requirements  have  been  reviewed  and  revised  many  times.  Input  from 
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each  branch  of  the  service  is  submitted  to  DoD  each  year  as  they  individually  plan 
their  future  needs. 

The  Five  Year  Defense  Program  (FYDP)  contains  the  anticipated  personnel 
program  for  five  years  for  all  divisions  within  each  military  service . In  January 
this  plan  shows  the  program  for  the  coming  fiscal  year  and  the  next  four  years. 

From  the  PYDP  the  Chief  of  Naval  Operations  extracts  information  concerning 
the  Navy  to  begin  the  process  of  updating  Navy  expectations.  Navy  concerns 
for  the  future  are  incorporated  in  the  Navy  Planned  Objective  Memorandum 
(POM)  which  as  in  all  the  services  is  a five  year  plan  updated  every  year. 

The  CNO  (OP-09-0)  takes  the  figures  for  the  last  four  years  of  the  FYDP,  builds 
in  new  requirements  he  foresees,  and  combines  these  years  with  the  strength 
and  monetary  estimates  of  one  additional  year.  The  Navy  POM  is  used  in  turn 
to  update  the  new  FYDP. 

Using  the  relevant  limitations  outlined  by  the  CNO,  the  MPN  Planning 
Coordination  and  Execution  Branch  (Pers  223)  in  the  Bureau  of  Naval  Personnel 
(BuPers)  begins  to  develop  new  estimates  for  its  own  budgetary  concerns.  Man- 
power estimates  for  enlisted  personnel  for  each  of  the  five  years  are  provided 
to  Pers  223  by  the  Enlisted  Plans  Branch  (Pers  212)  from  its  Inventory  Projection 
Model  (FAST).  TAST  gives  these  strength  estimates  by  rating,  paygrade  and 
length  of  service.  Similar  information  on  officer  manpower  is  provided  to  Pers 
223  by  the  Officer  Plans  Branch  (211).  Financial  Management  and  Management 
Information  (Pers  3)  provides  the  branch  Pers  223  with  the  average  pay  rates  for 
other  than  basic  pay  used  in  the  most  current  MPN  budget  submission  to  Congress. 

With  these  strength  estimates  and  average  pay  rates  the  branch  Pers  223  uses  its 
Cost  Budget  Model  (BUCOMP)  to  determine  total  cost  estimates  for  Military 
Personnel,  Navy,  MPN,  for  all  five  years  of  the  new  POM. 

Once  strength  and  monetary  projections  aie  reached  that  closely  comply  with 
the  limitations  set  by  the  CNO,  they  are  submitted  to  the  CNO/NAVY  COMPTROLLER 
who  integrates  all  Navy  input  into  the  five  year  POM.  The  CNO/NAVCOMFT  may 
request  changes  or  make  additional  cuts  to  some  programs  before  forwarding  the 
new  FOM  to  the  Secretary  of  the  Navy,  who  can  also  alter  the  TOM. 

Finally,  sometime  in  May,  the  Secretary  of  Defense  receives  and  incorporates 
the  Navy  POM  into  his  total  defense  plan.  In  so  doing,  he  makes  the  final  determination' 
concerning  total  projected  cost  for  each  branch  of  the  service  over  the  given  five 
year  period . 
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3.3  MPN 


ration 


A I* 


Once  the  Secretary  of  Defense  has  determined  the  final  cost  estimations 
for  the  new  FYDP,  Pers  223  begins  budget  preparations  for  the  next  fiscal  year. 
The  yearly  budget  process  approximates  the  process  used  in  developing  input 
to  the  PCM  . 

Within  Pers  2 various  options  of  monthly  strength  estimates  are  developed 
for  the  fiscal  year  using  its  strength  planning  models.  These  options  are  then 
reviewed  within  Pers  2 to  ensure  compliance  with  the  following  constraints. 


1 . End  strength 

2.  Man-year  averages 

3.  Dollar  limitations 

4.  Recruitment  cycle 


established  in  PCM 


A constant  strength  total  each  month  for  a budget  year  is  preferred  but  not 
entirely  feasible.  Those  plans,  however,  that  drastically  diverge  from  a rea- 
sonably uniform  estimate  are  discarded. 

Strength  plans  that  are  not  eliminated  are  submitted  to  Pers  223  to  be 
costed  by  BUCOMP  in  order  that  the  plan  that  best  approximates  monetary  con- 
trols can  be  determined.  As  in  the  costing  for  the  POM  input,  recent  average 
pay  rates  for  the  model  and  tentative  control  dollar  estimates  for  various  cate- 
gories are  supplied  by  Pers  3.  Average  pay  rates  are  discussed  in  detail  in  a 
following  section. 

The  "best"  strength  plan  along  with  cost  estimates  from  the  model  are 
finally  presented  to  Pers  3 for  the  first  official  budget  calculations . Along  with 
the  monthly  strength  totals  by  paygrade,  Pers  3 received  man-year  totals  for 
most  allowance  categories.  These  man-year  figures  are  first  combined  within  Pers  2 
from  each  program  concerned  with  allowance  payments.  In  some  cases  the  pro- 
grams are  managed  from  offices  within  Pers  2. 

Statistically  derived  data  on  enlisted  allowance  categories  not  obtained 
from  Pers  2 are  developed  in  Pers  3 from  payroll  information.  A questionnaire 
is  used  to  gather  the  information  from  a sample  of  five  enlisted  personnel  stratum 
A random  selection  of  disbursing  officers  within  each  stratum  are  requested  to 
supply  information  on  the  number  of  days  an  entitlement  is  earned  for  a given 
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quarter  for  specific  pay  entitlement  categories.  An  entitlement  is  any  amount  of 
pay  a person  is  entitled  to  receive.  In  some  instances,  the  total  dollars  given 
in  payment  are  also  requested  for  those  categories  that  have  variable  rates 
for  other  than  paygiade.  The  entitlements  covered  on  the  questionnaire  include 
the  following: 

1 . BAQ 

2.  Overseas  Station  Allowances 

3.  Sea  and  Foreign  Duty 

4.  Enlisted  Subsistence 

5.  Enlisted  Clothing 

Pers  3 enters  the  statistics  from  the  questionnaires  into  a computer  to 
obtain  percentages,  by  paygrade,  of  the  total  population  for  the  quarter  of  those 
entitled  to  each  of  the  allowances.  These  percentages  are  calculated  from  the 


Adjusted  % Drawing 
for  the  Quarter 


following  formula: 

Weighted  Average  Weighted  Average 

of  Days  Drawn  in  of  % Drawing  in  Adjusted  % Drawing 

Each  Stratum  X Each  Stratum  = for  the  Quarter 

Total  Number  of 
Days  for  the 
Quarter 

In  each  of  the  five  strata  the  total  days  an  entitlement  is  drawn  and  the  percent 
drawing  the  entitlement  are  computed.  A weighted  average  is  then  applied  in 
both  cases  over  all  five  of  the  strata  to  obtain  the  Weighted  Average  of  Days 
Drawn  and  the  Weighted  Average  of  % Drawing  which  are  needed  in  the  formula. 
The  adjusted  percentages  can  be  multiplied  by  total  population  sizes  for  each 
paygrade  to  determine  the  number  of  persons  entitled  to  each  allowance  during 
the  quarter.  The  population  size  for  each  paygrade  is  based  on  a weighted 
average  of  Manpower  Management  Information  System  (MAPMIS)  end  month 
strengths  for  the  three  months  in  the  quarter  and  the  month  preceding  the  quarter. 

With  the  information  discussed  in  the  paragraphs  above,  Pers  3 can  begin 
costing  strength  estimates  for  the  pay  and  allowance  categories.  To  compute 
the  budget  year  costs  for  all  entitlements,  Pers  3 now  has  at  its  disposal  the 


following: 


Monthly  Strength  Estimates  by  Paygrade  and  Years  of  Service 
from  Pers  2,  MAPMIS,  or  Joint  Uniform  Military  Pay  System 
(JUMPS). 


2.  Estimated  manpower  totals  for  most  allowances  from  Pers  2. 

3.  Estimated  percentages  of  total  strengths  entitled  to  all  other 
allowances  from  Pers  3. 

The  monthly  strength  estimates  by  paygrade  and  years  of  service  are  used  to 
develop  the  average  pay  rates  and  man-year  averages  that  are  found  in  the 
simple  budget  formulae  that  follow.  Calculations  of  average  pay  rates  are 
found  in  the  following  section; 

Basic  Pay 

Average  Man-Year  _ Total  Base  Pay  by 

Pay  Rates  Averages  Paygrade  for  the  year 


Allowances  for  Which  Number  of  Personnel  is  Known 

Statutory  Rate  Man-Year  Averages  Allowance  Costs 

or  X Entitle  to  = for  the  Year  (by 

Average  Pay  Rate  Allowance  Paygrade  where 

Applicable) 

Allowances  for  Which  a Percentage  has  been  Calculated 

Percentage  of  ,,  Statutory  Rate  Allowance  Costs 

tut  an-YPf)  r 

Population  entitled  X Averac  e ^ °r  = ^or  ^ear 

in  each  Paygrade  9 Average'Pay  Paygrade  where 

Rate  Applicable) 

These  equations  are  used  to  compute  total  costs  for  all  entitlements  by  activity 
for  the  budget  year. 

3.4  Average  Pay  Rates 

Average  pay  rates  are  calculated  by  Pers  3 continually  throughout  the  year 
for  all  personnel  by  paygrade,  using  data  that  is  supplied  periodically  from 
MAPMIS , JUMPS,  or  within  Pers  2.  The  data  can  be  expressed  in  matrix  form  by  length 
of  service  (LCS)  versus  paygrade.  Eacli  cell  or  unit  of  the  matrix  contains  a 
total  average  manpower  figure  corresponding  to  a given  grade  and  LOS.  MAPMIS 
and  JUMPS  supply  actual  manpower  totals  for  enlisted  personnel  and  officers 
respectively,  while  Pers  2 with  its  EAST  model  develops  projections  of  manpower 
totals  for  the  enlisted.  Cfficer  strength  projections  are  determined  by  Pe’S  211 
independently  from  historical  trends. 


Looking  at  one  line  in  the  matrix  of  LOS  versus  paygrade,  the  average 
pay  rate  for  a given  paygrade  is  calculated  as  follows: 


End  Strength  Report 

Pay  Cell  Rate 

Unit  Dollar  Value 

for  a Given  Time 

X 

(Statutory 

= 

for  the  Given 

Period  by  i,OS 

Rate) 

Time  Period 

Total  Dollar  Value 
Total  End  Strength 

= 

Average  Pay  Rate 

The  total  end  strength  figures  in  each  cell  of  the  matrix  are  multiplied 
by  the  statutory  rate  for  the  given  paygrade  and  LOS.  This  gives  a dollar 
figure.  These  dollar  values  are  totaled  for  each  line  of  paygrades  and  then 
divided  by  the  end  strength  total  for  the  line  to  give  the  average  pay  rate 
for  each  grade.  Average  pay  rates  are  developed  and  reviewed  monthly  for 
enlisted  personnel  and  officers.  An  average  is  taken  of  the  average  pay  rates 
progressively  developed  in  a given  year  to  establish  a new  rate.  This  is 
especially  important  for  use  in  the  following  year's  budget  preparation  so  that 
the  pay  rates  to  be  used  reflect  an  averaging  out  of  major  fluctuations  in  re- 
ported strengths  and  LOS  of  the  previous  year. 

3 . 5 Revising  the  Budget 

The  first  budget  plan,  Plan  A,  is  prepared  by  Peru  3 in  July  and  sent  to  the 
Secretary  of  the  Navy/Navy  Comptroller  for  the  first  review  in  August  is  called  the 
NAVCOMPT  Markup.  Changes  arc  requested  and  cuts  in  the  total  manpower  and 
dollar  figures  are  usually  made.  Pers  2 and  3 may  appeal  SECNAV/NAVCOMPT 
decisions  with  a reclama.  Normally,  Pers  2 and  3 will  receive  the  SECNAV/NAVCOMPT 
decisions  in  August  and  revise  Plan  A according  to  the  new  limitations.  This  new 
budget  plan.  Plan  B,  is  next  submitted  at  the  end  of  September  to  a joint  re- 
view by  OSD/OMB  analysts.  Pers  2 and  3 are  then  notified  of  budget  changes 
in  the  form  of  PBD's  — Program  Budget  Decisions  — which  are  received  until 
approximately  the  15th  of  December.  Again,  Pers  2 and  3 may  reclama  any 
changes  made  in  the  review. 

After  the  reclames  have  been  accepted  or  rejected,  a second  and  usually 
final  budget  revision  is  done  during  the  last  two  weeks  in  December.  This  re- 


-9- 


vision  called  Plan  C is  sent  to  Congress  through  OSD  during  the  first  week  of 
January.  It  should  be  noted  that  the  development  of  the  three  plans  comprises 
the  normal  reviewing  process.  Plowever,  during  certain  budget  years  other 
reviews  have  been  authorized  before  its  submission  to  Congress.  The  President 
can  also  intervene  in  the  process. 

3 . 6 Management  of  the  MPN  Account 

After  Congress  passes  the  MPN  appropriation,  BuPers  prepares  and  sub- 
mits a fund  allocation  request,  or  form  1105  to  OMB  via  NAVCOMPT  and  the 
DoD  Comptroller.  Form  1105  requests  monies  in  specific  quarterly  amounts 
and  is  supported  by  a detailed  Financial  Plan  showing  how  BuPers  plans  to 
obligate  the  full  amount  provided  it  by  Congress. 

When  OMB  receives  the  Torm  1105,  it  has  several  options  to  consider. 

It  can  approve  the  document  as  it  stands,  it  can  withhold  funds  from  specific 
BAs,  or  it  can  simply  keep  back  a sum  from  the  entire  MPN  account.  Funds  are 
withheld  from  the  MPN  account  for  such  reasons  as  OMB  recognition  that 
changed  circumstances  no  longer  require  expenditure  of  certain  funds.  Monies 
withheld  by  OMB  can  be  kept  up  to  the  beginning  of  the  final  quarter  in  the 
fiscal  year,  at  which  point  they  must  be  allocated  or  returned  to  Congress.  Of 
course,  it  a demand  for  them  arises  before  that  time,  they  can  be  released  as 
needed . 

After  BuPers  receives  an  approved  From  1105  from  OMB,  the  Chief  of  Naval 
Personnel  identifies  a certain  amount  of  money  as  a "contingency"  against 
unplanned  obligations  or  expenditures.  The  contingency  is  however  not  held 
separately  in  an  official  reserve.  Its  only  difference  from  the  other  funds  is 
that  explicity  plans  are  made  not  to  expend  it.  Prior  to  FY77,  the  DoD  MPN 
budget  was  not  approved  until  well  into  through  the  fiscal  year.  A contingency 
has  to  be  held  against  the  possibility  of  Congressional  cuts.  As  long  as 
Congress  passes  the  appropriation  before  the  beginning  ol  the  fiscal  year,  there 
no  longer  is  any  need  for  this  particular  contingency.  When  the  use  of  JUMPS 
is  fully  adjusted  to  Navy  needs,  BuPers  anticipates  that  the  contingency  can 
be  further  minimized.  When  this  eventually  occurs,  JUMPS  will  provide  entitle- 
ment information  previously  unavailable  from  MAPMIS,  and  therefore  enable 
more  accurate  forecasting. 
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Once  the  Chief  of  Naval  Personnel  identifies  the  contingency,  Pers  2 draws 
up  an  Operating  Plan,  or  Op  Plan,  detailing  the  monthly  strengths  of  each  pay- 
grade  in  the  Navy.  Again,  it  uses  the  same  models  as  in  making  the  budget 
plans  to  cut  strength  estimates  to  within  the  limits  ChNavPers  places  on  them. 

Pers  2 then  sends  the  Op  Plan  to  Pers  3. 

Pers  3 uses  the  Op  Plan  to  develop  plans  both  for  monthly  obligations 
and  expenditures.  Planned  obligations  are  obtained  by  multiplying  Pers  2's 
planned  strength  by  paygrade  with  pay  factors  utilized  in  the  budgeting  pro- 
cess. Some  estimates  of  those  personnel  entitled  to  specific  allowances  are 
not  provided  by  Pers  2 and  must  be  derived  from  the  results  of  a stratified 
sample  of  pay  records.  When  the  use  of  JTJMPS  is  operating  smoothly,  it  will 
replace  the  pay  records  sample  as  a source  of  this  information. 

Expenditures  are  planned  to  within  one  percent  of  obligations  with 
account  being  taken  of  monthly  or  seasonal  fluctuations  based  on  historical 
information.  For  instance,  it  is  known  that  many  officers  retire  early  in  the 
summer,  so  that  expenditures  for  separation  pay  in  BAl  will  increase  sharply 
at  that  time . 

3 . 7 Budget  Execution 

In  the  monthly  budget  execution  process  Pers  3 is  required  to  put  on  its 
ledgers  a figure  for  the  amount  it  has  obligated  to  pay  Navy  personnel.  This 
may  not  be  changed  once  it  has  been  recorded,  but  adjustments  can  be  made 
in  subsequent  months.  Because  of  the  time  lag  introduced  into  Pers  3's  cal- 
culations by  the  personnel  reporting  system,  it  is  necessary  to  reevaluate 
amounts  obligated  periodically  to  ensure  that  cumulative  obligations  represent 
reported  manpower. 

To  discuss  Dudget  execution  properly,  it  is  necessary  first  to  define  three 
terms:  advance  obligation?  .final  obligations,  and  actual  obligations.  Having 
done  this,  we  can  then  turn  to  a description  of  the  process.  In  the  discussion  below 
M represents  the  month  for  which  calculations  are  being  computed,  M-l  signifies 
the  previous  month,  and  M+l  stands  for  the  following  month. 

Advance  obligations  are  the  last  estimated  obligations  for  month  M.  They  are 
determined  by  addition  of  month,  M-l's  reported  end  strength  to  month  M's  planned 
end  strength  as  found  in  the  Op  Plan.  This  sum  is  then  divided  by  two  and  multiplied  by 
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the  "pay  factors."  These  pay  factors  are  the  same  as  the  average  and  statu- 
tory pay  rates  described  in  another  section  of  this  paper.  Expressed  in  a 
formula: 

Reported  end  strength  + Planned  end  strength  X Pay  Factors  = Advance 

Ivi-l  iz!  nlil  irmtinn.' 
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The  final  obligation  of  month  M is  the  second  expression  used  in  the 
determination  of  the  actual  obligation.  It  is  calculated  by  adding  together  the 
monthly  end  strengths  for  months  M and  M-l,  dividing  by  two  and  multiplying 
the  quotient  by  the  pay  factors.  In  a formula,  this  would  appear  as: 


Reported  end  strength^ ] + Reported  end  strength^.  X 

- 


Pay  Tactors  = Final 

Obligation 


■ The  actual  obligation  for  month  M is  the  figure  which  Pers  3 places  on  its 
General  Ledger.  It  is  the  amount,  for  legal  purposes,  which  the  Navy  has 
obligated  during  month  M . It  is  found  by  subtracting  month  M-l's  advance 
obligation  from  month  M-l's  final  obligation  and  adding  the  remainder  to  month 
M's  advance  obligation.  In  formula  form: 

(Final  obligation  - Advance  obligation  ) + Advanced  = Actual 

Obligation^  Obligation^ 


The  monthly  budget  routine  operates  in  the  following  manner.  At  the  end 
of  month  M , the  M-l  reported  end  strength  from  MAPMIS  comes  to  Pers  o. 

In  the  middle  of  month  M+l,  month  M's  advance  obligation  is  determined  for 
the  purpose  of  calculating  its  actual  obligation.  As  seen  above,  the  advance 
obligation  is  altered  to  take  into  account  any  amount  over  or  under  planned 
when  the  month  M-l  advance  obligation  was  calculated.  The  correction  for 
errors  in  planning  in  month  M-l  are  made  in  month  M because,  as  we  have  said, 
month  M-l  actual  obligation  is  a legal  figure  and  may  not  be  altered.  At  the 
end  of  month  M+l  the  end-strength  report  for  month  M arrives  at  Pers  3;  it 
then  calculates  month  M's  final  obligation  for  later  use. 

The  accounting  system  for  expenditures  is  similar  to  that  for  obligations. 
Expenditures  for  a given  month  are  its  actual  expenditures  reported  to  Pers  3 
in  the  following  month  via  the  centralized  Expenditure  and  Roinbursement  Processing 
System  (CERPS) . These  reports  give  only  a grand  total  for  each  Budget  Activity, 

Per  3 get  no  further  detail  on  expenditure  from  the  financial  system  than  this, 
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and  must  accept  those  figures  as  accurate  for  the  month  reported,  whether 
or  not  they  ore  in  error.  If  there  are  mistakes  or  if  there  has  been  a lag 
in  processing  pay  reports,  the  adjustments  will  be  embodied  in  the  CERPS 
report  and  in  the  recorded  actual  expenditures  for  the  following  month. 

In  a cyclic  process  that  is  coincidental  with  the  budget  plan  generation, 
BuPers  revises  its  operational  financial  plans  employing  a procedure  known 
as  "zeroing  out."  Pers  2 generates  a new  Op  Plan,  altering  its  monthly 
strength  plans  in  the  light  of  what  has  already  happened  that  fiscal  year  so 
that  it  can  reach  the  end-of-the-year  strength  goal.  Pers  3 takes  the  new 
plan  and  replans  all  the  remaining  monthly  obligations;  it  takes  into  account 
what  has  already  been  spent  that  year.  The  generation  of  these  new  plans 
follows  the  same  procedures  as  those  described  above  which  are  used  in  the 
entire  planning  process. 

3 . 8 Movement  of  Funds  between  3udget  Activities 

Beside  "zeroing  out",  Pers  3 has  a limited  capability  for  adjusting  its 
plans  to  meet  unforeseen  expenditures  by  moving  funds  from  one  budget  activity 
to  another. 

There  are  two  cases  which  are  described  below. 

1.  When  the  amount  by  which  the  BA  total  is  altered  is  to  be  less  than 
5 million,  Pers  3 possesses  the  authority  to  shift  up  to  this  amount  from  one 
BA  to  another  without  reference  to  Congress. 

2.  When  the  amount  by  which  the  BA  total  is  altered  exceed  5 million, 

Per  3 will  submit  a reprogramming  request  to  Congress  detailing  why  this  must 
be  done.  Congress  does  not  always  approve  these  shifts.  When  Congress 
does  not  approve  reprogramming,  BuPers  must  compensate  through  program 
changes.  In  both  cases  those  shifts  apply  only  to  the  difference  between 
the  planned  obligations  and  the  amount  appropriated  by  Congress  in  that  BA 
for  the  year. 
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A SUMMARY  OF  THE  RESPONSIBILITIES  OF  PELS  2 AND  PERS  3 
WITH  REGARDS  TO  THE  MPN  ACCOUNT 

The  following  are  the  responsibilities  of  Pers  2: 

• Projects  enlisted  manpower  totals  with  the  use  of  the  FAST  model. 

e>  Projects  officer  manpower  totals  from  historical  trends. 

• Receives  and  forwards  to  Pers  3 man-year  totals  for  most  allowance 
categories . 

c Prepares  operating  plan. 

• Periodically  revises  operating  plan  as  actual  monthly  end  strength 
totals  are  received. 

The  following  are  the  responsibilities  of  Pers  3: 

• Develops  average  pay  rates  and  tentative  dollar  controls. 

o Calculates  the  costing  for  yearly  budgets. 

• Collects  statistics  on  manpower  totals  for  some  enlisted  allowance 
categories  from  payroll  information. 

• Develops  monthly  planned  obligations  and  planned  expenditures  from 
the  operating  plan. 

• Executes  and  monitors  the  budget  by  calculating  advanced  obligations, 
final  obligations,  and  actual  obligations. 

• Periodically  revises  the  plan  of  planned  obligations  for  each  revision 
of  the  operating  plan. 
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4.  ANALYSIS  OF  DATA  ON  A FISCAL  YEAR  BASIS 

. 

4 . 1 Introduction 

In  order  to  understand  and  define  the  problem  facing  BuPers  each  year 
to  have  expenditures  approximate  planned  obligations  without  exceeding  them, 
we  derive  the  following  results  from  a preliminary  statistical  analysis.  These 
results  offer  a test  or  comparison  against  the  findings  and  conclusions  of  the 
time  series  analysis.  Details  of  the  procedures  used  to  obtain  the  equations 
and  results  here  are  given  in  Appendix  C. 

4 . 2 Relation  of  Actual  Expenditures  to  Planned  and  Actual  Obligations 

The  purpose  of  controls  on  the  personnel  accounts  is  to  prevent 

actual  expenditures  from  exceeding  the  planned  obligations  dictated  by 
Congressionally  imposed  ceilings.  This  purpose  notwithstanding,  it  is  de- 
sirable that  the  difference  between  actual  expenditures  and  planned  obligations 
be  kept  as  small  as  possible,  of  course  within  limits  that  actual  expenditures 
do  not  exceed  planned  obligations  over  the  period  of  the  fiscal  year.  Month- 
to-month  variations,  where  actual  expenditures  frequently  are  in  excess  of 
planned  obligations,  are  not  of  direct  concern  as  long  as  the  cumulative  balance 
at  all  times  is  positive.  A significant  margin  of  planned  obligations  over  actual 
expenditures  represents  unexpended  funds  that  need  not  have  been  reserved. 

In  order  to  examine  the  relationship  between  expenditures  and  obligations 
on  a fiscal  year  basis,  the  data  from  the  36-month  period  covering  FY  1974 
through  FY  1976  are  presented  in  Figures  4.1,  4.2,  4.3  and  4.4  in  the  form  of  ratios  of 
actual  expenditures  to  planned  obligations  and' to  actual  obligations  for  the  BA  1 
and  BA  2) accounts,  respectively.  The  graphs  show  that  while  the  monthly  varia- 
tions occasionally  deviated  more  than  5%  from  the  fiscal  year  mean,  the  means  for 
each  fiscal  year  showed  relatively  small  variation.  Particularly  noteworthy  is  the  j 

observation  that  for  both  BA  1 and  BA  2 the  ratios  of  actual  expenditures  to 
planned  obligations  were  consistently  between  0.98  and  0.99  for  each  fiscal  year. 

(See  Figures  4.1  and  4.3).  Supporting  data  for  rigurcs  4.1  through  4.4  are  provided 
in  Appendix  C . 
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Actual  Expenditures  to  Planned  Obligations 


Actual 


TABLE  4.1 

MPN  ACCOUNTS  FOR  FY  74,  TY  75,  rY  76 
($  Millions) 


.(baJL_ 

Planned  Ob- 
ligations (PO) 

Actual  Ob- 
ligations (AO) 

Actual  Ex- 
penditures (AE) 

AE/ 

/PO 

O 

< 

FY74 

1282.0 

1271.5 

1257.0 

.98050 

.98860 

FY75 

1330.0 

1313.0 

1308.3 

.98368 

.99642 

FY76 

1355.0 

1343.9 

1333.0 

.98376 

.99189 

(BA  2) 

FY74 

3713.0 

3667.6 

3640.7 

.98053 

.9926 7 

FY75 

3820.0 

3803.3 

3777.2 

.98880 

.99334 

FY76 

3800.0 

3787.2 

376]  .6 

.98989 

.99324 

Using  the  data  for  the  BA (1)  account  from  Table  4.1,  we  have: 

Tj  = .90050 
T2  = .98368 
T3  = .98376 
T = .90265 
ST2  = .000003 
ST  = .00186 

ST //T=  .001075 

where: 

T is  the  ratio  of  cumulative  actual  expenditures  to  cumulative  planned 

*■  — 2 
obligations  for  FY  74,  T for  FY  75  and  T for  FY  76.  T and  S are  the  sample 

Z o 1 

mean  and  sample  variance,  respectively. 

With  a 90%  probability  the  true  mean  of  the  total  population,  considered 
to  be  normally  distributed,  lies  in  the  following  interval: 

.98265  - (t”'^)  (ST//n)  jX  ^ .98265  + (t*^)  (S,r//n) 


where: 

n “ 1 

n Is  the  sample  size  and  t , the  90%  confidence  interval  fcr  the  Sludent- 

. 05 

t distribution.  Since  we  have  a sample  size  of  3,  the  estimate  of  the  variance, 

2 2 
S , has  2 degrees  of  freedom  and  t _ = 2.92. 

1 t vO 
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It  follows  that: 
.98265  ■ 


- 2.92  (.001089)  < (i  < .98265  + 2.92  (.001089) 


,97947 


^ M .98583  (BA  1) 


The  probability  that  a future  y ear's  ratio  (x^.)  of  actual  expenditures  to  planned 
obligations  will  be  less  than  the  upper  bound  of  the  range  for  the  population 
mean  given  above  can  be  expressed  as 
/ 7?  , .(2)  rs,p  1 X 


P(xf*^  T + 


t(2)  rsx 

.05  -7^- 


This  probability  is  equal  to  .859  . 

To  ensure  with  a .90  probability  that  our  future  ratio  (xf)  lies  within  a 
given  range,  we  must  expand  the  range  given  for  by  multiplying  the  term 
containing  t in  the  interval  by  V n+1 . 

Thus,  the  probability  that  a future  ratio,  x ’,  will  be  in  the  following  range  is  .90, 
.98265  - (t/n+1)  (t  Q5)  (ST^T)^  xf  ^.98265+/ n+1  (\q5)  (V/n-) 


. 97629  xf  ^ .98901 

Similar  calculations  for  BA (2)  account  yield: 
T = .98053 
T2  = .98880 
T3  = .98989 
T = .98641 
ST2  = .000026 
ST  = .00300 


,98641-/^TT(t"0'51)  (ST/^iT)^x  ^ .98641  + (^n+T)  (t”“g)  (^//TT) 


.96889  x. 


1.00393 
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Thus,  three  years  of  historical  data  implies  that  the  upper  limit  of  actual 
expenditures  of  the  BA (1)  account  at  the  95%  confidence  level— ^ is  1.1%  less 
than  the  planned  obligations  for  the  fiscal  years  1974  through  1976.  In  other 
words,  on  the  average,  in  19  cases  out  of  20  actual  expenditures  would  be 
at  least  1.1%  less  than  planned  obligations  for  the  fiscal  year,  assuming  the 
underlying  distribution  remains  unchanged.  A margin  of  safety  of  roughly 
1.1%  has  thus  been  provided  by  the  conservatism  in  the  estimation  of  actual 
expenditures . 

The  historical  experience  of  the  past  three  fiscal  years  for  BA(i)can  be 
extrapolated  with  the  caveat  that  the  underlying  system  does  not  change.  Actual 
expenditures  can  increase  relative  to  planned  obligations  by  1.1%  and  the 

financial  manager  can  be  confident  at  the  95%  level  that  expenditures  will  not 
exceed  obligations . 

For  BA(2),  however,  the  past  three  fiscal  years  indicate  that  no  conservation 
in  the  estimation  of  actual  expenditures  is  present.  Instead,  actual  expenditures 
should  be  reduced  by  approximately  .4%  of  planned  obligations  to  ensure  a proba- 
bility of  .95  that  future  expenditures  will  not  exceed  obligations. 

The  BA(1)  account  averages  roughly  $1300  million  for  each  fiscal  year.  The 
difference  of  1.1%  between  planned  obligations  and  actual  expenditures  translates 
into  about  $14.3  million  for  the  BA(1)  account  per  year.  The  analysis  for  the  BA(2) 
account  indicates  that  actual  expenditures  should  be  reduced  by  .4%  relative  to 
planned  obligations,  maintaining  the  same  95%  confidence  level.  Since  BA(2) 
expenditures  average  nearly  $3750  million  per  year,  a .4%  reduction  in  that  account 
would  correspond  to  $15  million  annually. 

In  summary,  it  appears  that  there  is  some  conservatism  in  the  estimation  of 
planned  obligations  relative  to  the  expenditures  actually  realised  for  the  R^\ (1) 
account.  However,  this  conservatism  is  not  present  in  the  calculations  of  the 
BA  (2) account.  In  fact  this  account  is  being  maintained  with  a confidence  of  not 
overspending  of  slightly  less  than  95%.  Thus,  this  preliminary  analysis  indicates 
that  the  conservatism  of  the  one  account  is  offset  by  the  higher  risk  taken  in  the 


1/  The  confidence  interval  of  90%  probability  used  above  applies  to  both  the 
upper  and  lower  limits.  If  the  distribution  is  symmetrical,  the  confidence 
level  for  exceeding  only  the  upper  limit  would  be  95%. 


r 


fk 


other.  Token  together  the  two  accounts  ore  presently  calculated  with  little 
conservatism  ond  with  a very  low  probability  of  overspending.  Therefore, 
only  a small  reserve  is  needed  to  protect  for  overexpenditures.  On  the  other 
hand,  if  a larger  reserve  is  desired,  it  would  be  reasonable  to  estimate 
planned  obligations  relative  to  actual  expenditures  with  a lower  degree  of  con- 
fidence and  place  more  dependence  on  the  reserve  for  protection. 
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5.  TIME  SERIES  ANALYSIS 

The  following  sections  contain  a brief  description  of  time  series  analysis, 
a description  of  the  analysis  applied  to  the  BA (1)  and  RA(2)  data,  and  a discussion 
of  forecasting  and  reserves  needed  to  cover  the  unpredictable  fluctuations. 

5.1  Introduction  to  Time  Series  Analysis 

The  objective  of  applying  time  series  analysis  to  a time  series  is  to 
reduce  the  amount  of  fluctuation  observed  in  the  series  which  cannot  be  pre- 
dicted, i.e.,  we  would  like  to  make  the  differences  between  forecasted 
values  and  observed  values  of  the  series  as  small  as  possible.  In  the  case 
of  the  BA  (1)  and  BA  (2)  accounts  the  forecast  of  monthly  actual  expenditures 
are  based  upon  past  values  of  actual  expenditures  and  monthly  planned  obli- 
gations. The  mechanism  which  gives  the  forecasts  is  called  a transfer  func- 
tion - the  end  product  of  times  series  analysis.  A transfer  function  model  re- 
lating a series  £ Y^  called  the  output  series,  where  Yt  is  the  actual  expendi- 
tures recorded  in  period  t to  a series  < called  the  input  or  controlling 

series  has  the  general  form  of 


Y,  = f0  + flVl  + J2Y,-2  +-  ■ • Vt-P  + 9°Xt  + 9lVl  +'  • -+9qXt-q 


Where  fa^  is  a normally  distributed  random  variable  with  mean  equal  to  zero 
and  corresponding  to  the  "noise"  or  fluctuations  which  cannot  be  predicted.  In 
most  cases  p,  q and  q‘  will  be  no  greater  than  2 or  3.  The  basic  reference  ~ 
used  for  this  analysis  provides  a guide  for  finding  the  model  or  models  which 
give  the  best  fit  to  a set  of  observations  from  an  output  series  and  its  control- 
ling series.  The  criteria  for  the  "best"  model  is  one  which  minimizes  the  stan- 
dard deviation  of  the  random  components  - {a^ 


5 .2  Analysis  of  the  BA  (1)  and  BA  (2)  Data 

The  basic  data  used  in  the  analysis  of  the  BA  (1)  account  is  shown  in 
Table  5-1.  The  first  column  is  a record  of  executed  planned  obligations 

for  IY  74,  75  and  76.  The  plan  for  monthly  obligations  is  revised  several  times 
during  a budget  cycle.  We  have  assumed  that  the  last  unrevised  value  for  a 
month  was  the  executed  control  value  for  that  period.  (The  months  are  numbered 
consecutively  starting  with  July  1973.)  The  second  column  contains  the  re- 
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TABLE  5.1 


MONTHLY  BA1  ACCOUNTS  AND  MODEL  STATISTICS  FOR  FY  74,  FY  75,  FY  76 


Planned 

Obligations 

Actual 

Expenditures 

3 Month 
Lead 

Forecast  Error  Built-in 

Yt_s(3)  [Yt-Yt_g(3)]  Reserve 

Prob.  of 
Act.  Exp. 
Exceeding 
Plan.  Obi. 

1 

109 

107 

1 

2* ** 

105 

107 

2 

3 

106 

100 

8 

4 

107 

102 

1 

5 

105 

103 

4 

* * 

6 

103 

101 

8 

103.518 

-1 

718 

518 

.58 

7 

107 

105 

9 

104.646 

1 

254 

2 

354 

.19 

8 

107 

105 

6 

105.883 

- 

233 

1 

167 

.33 

mm 

108 

105 

5 

105.458 

042 

2 

542 

. 17 

■Tfl 

106 

105 

1 

105.715 

- 

615 

285 

.46 

107 

105 

6 

105.358 

242 

1 

642 

.27 

112 

106 

9 

107.605 

- 

70  5 

4 

395 

.05 

13 

112 

108 

4 

108.592 

- 

192 

3 

408 

. 10 

14 

112 

111 

6 

108.003 

3 

59  7 

3 

997 

.07 

15 

121 

103 

0 

111.079 

-8 

079 

9 

921 

.00 

16* 

105 

112 

6 

109  .026 

3 

574 

-4 

026 

.93 

17 

106 

105 

7 

103.765 

1 

935 

2 

235 

.20 

18 

107 

105 

6 

108.566 

-2 

966 

-1 

566 

.72 

19* 

109 

109 

2 

107.044 

2 

156 

1 

956 

.23 

109 

107 

7 

108.255 

- 

555 

745 

.39 

21 

109 

109 

0 

108.068 

932 

932 

.36 

22* 

109 

no 

7 

108.338 

2 

362 

662 

.40 

23 

1 11 

109 

1 

109.026 

074 

1 

974 

.23 

74 

120 

115 

7 

1 12.080 

■FI 

Baa 

920 

25 

113 

112 

1 

112.203 

B 

103 

79  7 

.38 

26 

112 

no 

3 

108.985 

i 

315 

3 

015 

. 13 

27 

124 

118 

0 

114.179 

3 

821 

9 

821 

.00 

28* 

112 

112 

1 

113.377 

-1 

277 

-1 

377 

.70 

29 

110 

102 

6 

107.980 

-5 

380 

2 

020 

.23 

30* 

107 

111 

2 

110.142 

1 

058 

-3 

142 

.88 

31 

111 

109 

6 

109.473 

127 

1 

527 

.28 

32 

111 

no 

6 

111.547 

- 

99  7 

- 

547 

. 58 

33 

111 

108 

5 

110.415 

-1 

915 

585 

.41 

34* 

109 

114 

5 

110.593 

3 

907 

-1 

593 

.72 

35 

113 

109 

5 

111.186 

-1 

636 

1 

814 

.25 

36 

122 

114 

0 

115.198 

-1 

198 

6 

802 

.01 

| 

II 

' a“ 

.075 

= 1.93 



<Ia- 

2,67 

First  five  columns  are  in  millions  of  dollars. 


* Months  for  which  actual  expenditures  exceeded  planned  obligations. 

**  The  first  forecast  in  the  BA1  account  is  for  month  six  because  data  on  actual 
expenditures  for  one  month  and  an  iterative  calculation  process  must  be  used  by 
the  forecasting  model  (see  section  5.4). 


TABLE  5.2 


MONTHLY  BA 2 ACCOUNTS  AND  MODEL  STATISTICS  FOR  FY  74.  FY  75,  FY  76 


FY  74 


FY  75 


FY  76 


3 Month 

Prob.  of 

Planned 

Actual 

Lead 

Act.  Exp. 

Month 

Obligations 

Expenditures 

Forecast 

Error  Built-in 

Exceeding 

t 

w 

W3) 

[Yt-Yt,(3)l  Reserve 

Plan.  Obi. 

1 

308 

290.8 

2 

308 

303.7 

3 

303 

293.8 

299.459 

- 5.659 

3.541 

.31 

4 

312 

305.3 

303.128 

2.172 

8.872 

. 1 1 

5* 

311 

312.9 

302.310 

10.590 

8.690 

.11 

6 

310 

299.2 

305.682 

- 6.482 

4.318 

.27 

7* 

307 

308.7 

303.517 

5.183 

3.483 

.31 

8 

309 

304.3 

303.524 

.776 

5.476 

.22 

9 

310 

303.0 

303.167 

- .167 

6.833 

.17 

10 

308 

302.7 

303.293 

- .593 

4.707 

.25 

11 

309 

305.2 

303.892 

1.308 

5.108 

.24 

12 

318 

311.1 

307.926 

3.174 

10.074 

.08 

13 

3)4 

301.8 

308.252 

- 6.452 

5.748 

.21 

14* 

314 

318.6 

311.510 

7.090 

2.490 

.36 

15 

305 

303.3 

305.091 

- 1.791 

- .091 

.51 

16 

324 

320.3 

313.106 

194 

10.894 

.06 

17 

324 

321.1 

313.117 

7.983 

10.883 

.06 

18* 

324 

331.4 

321 .720 

9.680 

2.280 

.37 

19* 

325 

325. 1 

322.291 

2.809 

2.709 

.35 

20 

320 

309.5 

319.959 

-10.459 

.041 

.50 

21 

317 

314.9 

317.850 

- 2.950 

- .850 

.55 

22* 

316 

322.8 

314.500 

8.300 

1.500 

.42 

23 

316 

309.8. 
298./ b 

312.991 

- 3. 191 

3.009 

.34 

24 

321 

315.189 

-16.589 

5.811 

.2! 

25 

315 

■301.4 

313.182 

-11.782 

1.818 

.40 

26 

314 

310.6 

313.699 

- 3.099 

.301 

.48 

27* 

313 

324.4 

310.322 

14.078 

2.678 

.35 

28 

326 

313.6 

316.460 

- 2.860 

9.540 

.09 

29 

322 

316.8 

316.730 

.070 

5.270 

.23 

30* 

310 

320.7 

315.560 

5.140 

- 5.560 

.78 

31 

323 

308.6 

318.027 

- 9.427 

4.973 

.24 

32 

322 

310.6 

314.904 

- 4.304 

7.096 

.16 

33* 

314 

324.8 

316.443 

8.357 

- 2.443 

.63 

34* 

306 

310.3 

310.205 

.095 

- 4.205 

.72 

35 

317 

312.3 

310.679 

1.621 

6.321 

.19 

36 

318 

307.5 

309.971 

- 2.471 

8.029 

.13 

H a=.22 
a a"6 .92 

/'R=4.098 

First  five  columns  are  in  millions  of  dollars. 

* Months  for  which  actual  expenditures  exceeded  planned  obligations. 
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corded  actual  expenditures  fy^  for  those  months.  Table  5-2  contains 
similar  data  for  BA  (2). 

Removal  of  linear  trends  from  the  data  was  the  first  step  in  the  analy- 
sis. Figures  5.1  through  5.4  show  plots  of  the  data  with  fitted  trend  lines  for 
each  of  the  four  series.  The  fitted  trend  lines  have  the  following  form; 

BML) 

Planned  obligations:  Yj  = .238t  + 105.8 

Actual  expenditures:  Xj  = .253t  + 103.6 

BA  (2) 

Planned  obligations:  Yj.  = .298t  + 309.3 

Actual  obligations:  Xj  = .404t  + 303.1 

(In  the  discussions  which  follow  all  values  will  be  in  millions  of  dollars.) 

The  coefficients  of  t in  these  equations  are  the  average  rates  at  which  planned 
obligations  and  actual  expenditures  were  increasing  during  the  three  year 
period.  Removal  of  the  trend  from  a series  requires  that  the  trend  value  for  a 
period  be  subtracted  from  the  actual  value  to  obtain  a transformed  series  with 
no  trend  and  a mean  of  zero.  For  example: 

The  transformed  series:  - fx^- Xjl  = £x^-  . 238t  — 105. 8^ 

is  the  transformed  series  for  the  BA  (1)  planned  obligations  data.  The  standard 
deviation  of  the  transformed  data  for  actual  expenditures  in  the  BA  (1)  account 
is  $3.06  million  - a 24%  decrease  from  $4.03  million.  The  standard  deviation 
of  the  transformed  data  for  actual  expenditures  in  the  BA  (2)  account  is  $8.24 
million  - an  11%  decrease  from  the  standard  deviation  of  $9.24  million  about  the 
mean. 

The  derivation  of  transfer  function  models  which  fit  the  transformed  series 
is  a lengthy  and  complicated  process  including  a certain  amount  of  trial  and 
error  which  will  not  be  described  here.  The  interested  reader  may  refer  to 
Appendix  D which  describes  the  methods  of  Box  and  Jenkins  for  developing  trans- 
fer function  models  and  Appendix  E which  contains  a user's  guide  to  the  com- 
puter programs  needed  to  employ  these  methods. 
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The  basic  method  of  Box  and  fenkins  is  a two-staged  approach.  The 
first  stage  is  to  determine  the  number  of  each  type  of  coefficient  in  (1)  which 
are  to  be  fitted  and  then  apply  a minimization  technique  to  find  the  specific 
set  of  coefficients  which  gives  the  smallest  set  of  residual  values  - the  [a^J 
series.  Ly  applying  these  techniques  to  the  transformed  paired  series  for 
the  BA  (1)  and  BA  (2)  accounts  the  following  two  transfer  function  models  for  re- 
lating [yAtojx^  were  derived: 

BM1) 

v = - . 296y  + . 269x  + .330x  -.lOBx^  „ + .053X,.  „ + a,.  (6) 

"t  L J. 


.106xt_2+.0S3*t_3+at 


(Ola  = $2.59  million) 


BA(2) 

y = .519x  + .211xt_1  + .450xt_2  + (7) 

(CTa  - $7.14  million) 

The  models  in  terms  of  untransformed  planned  obligations  fxl  and  actual  ex- 
penditures £y^  have  the  form: 

BAJD 

Y = - . 296Y  ,+  .269X  + .33QX.  - .106X.  . + .053X  + .197t  + 76.490+ a (8) 

t t” 1 t t*~ 1 t-Z  O L 

(£J 'a  - $2.59  million) 

BA  (2) 

Y = . 519X  + . 21 IX  . + . 45 OX  0 + .052t  - 61.543  + a (9) 

t t t~i  t-z  r 

(^a  = $7.14  million) 

The  response  of  the  series  of  actual  expenditures  to  changes  in  planned 

obligation  are  discussed  in  the  next  section. 

5 . 3 Transfer  Function  Gain 

A fundamental  difference  exists  between  the  BA  (1)  and  BA  (2)  accounts 
in  terms  of  their  response  to  changes  in  the  input  level  of  planned  obligations. 

To  illustrate  the  response  of  actual  expenditures  to  planned  obligations,  lot  us 
assume  that  there  is  no  noise  in  the  system  and  that  the  planned  obligations 
have  not  deviated  from  the  trend  lines  given  earlier  prior  to  period  18  for  both 
accounts.  Under  these  conditions  the  actual  expenditures  would  follow  their 
trend  lines  also  given  earlier.  Suppose  the  planned  obligation  figure  for  period 
10  were  increased  by  $10  million  followed  by  a icturn  to  the  trend  linos  for  all 
subsequent  periods.  The  effect  of  this  $10  million  impulse  is  shown  in  Iigutes 
5.5  and  5.6  for  the  BA  (1)  and  BA  (2)  accounts  respectively. 
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In  both  cases  the  response  to  the  impulse  is  spread  over  three 
periods  the  18th,  19th  and  20th.  Also,  in  both  cases  the  magnitude  of  the 
difference  between  these  values  for  any  period  and  the  trend  value  is  much 
less  than  the  $10  million  impulse.  However,  the  cumulative  effort  varies 
significantly.  In  the  case  of  BA  (1),  the  cumulative  difference  between  the 
non-trend  values  and  the  trend  values  is  only  $3.39  million.  This  corres- 
ponds to  a "gain"  factor  in  the  BA  (1)  system  of  .339  (See  Appendix  D) . 

For  BA  (2)  the  cumulative  effect  is  $11.80  million  corresponding  to  a gain 
f - factor  of  1 .180. 

These  results  show  that  the  BA  (1)  system  tends  to  shrink  changes 
in  planned  obligations  about  its  trend  line  while  the  BA  (2)  system  tends  to 
expand  them.  The  consequences  of  these  differences  ore  made  more  explicit 
in  the  following  sections  on  forecasting  and  built-in  reserves. 


P/ 


5.4 


Forecasting 

Assuming  the  observed  trends  and  underlying  processes  which  relate 
planned  obligations  to  actual  expenditures  remain  unchanged,  the  model  des- 
cribed by  equations  (8)  and  (9}  can  be  used  to  forecast  future  actual  expenditure - 
given  knowledge  of  the  planned  obligations  to  be  executed.  A forecast  of  the 


actual  expenditures  to  be  expected  in  month  t + k made  from  month  t will  be 


denoted  by  Y (k).  Because  of  the  past  value  of  actual  expenditures  (Y^)  in 
equation  (8),  the  forecasting  technique  for  BA  (1) and  BA  (2) will  differ.  Since  the 
forecasting  technique  for  BA(2)is  simpler,  it  is  described  first. 


BA  (2)  Forecasting 


Yt(k)  = .519Xt+k+-211Xt+k-l 


+ . 450X 


t+k-2 


+ . 052(t+k)  - 61.543. 


(10) 


Equation  (10)  can  be  used  to  forecast  the  actual  expenditures  for  the  BA(2)account 
for  any  month  as  long  as  the  planned  obligations  to  be  executed  for  that  month 
and  the  preceding  two  months  are  known.  The  random  component  at  + ]_is  not 
shown  since  its  expected  value  is  zero.  The  random  components  will  be  brought 
back  into  the  discussion  when  forecasting  errors  arc  addressed. 
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J. 


(11) 


PA_ (1 ) Fo ; ' ^casting 

(k-1)  + . 269X 


l(k) 


-.296  $ 


t+k 


3 3 OX 


t+k+1 


- . 1 06X 


t+k- 2 


, 05  3X 


t+k- 3 


+ . 197  (t+k)  + 76.490 

A A 

If  k-1 , then  Y (k~l)  = Y ; otherwise  the  forecast  of  Y^ (k)  requires  the  forecast 
of  the  preceding  month's  actual  expenditures.  Therefore,  forecasting  for  more 
than  one  month  in  advance  requires  an  iterative  procedure  - first  calculate 
Yt(l),  then  Y^(2) , ...,  thenY^k). 


Fore 9. a sting  Errors 

The  distributions  of  forecast  errors  for  these  models  both  have  means 
equal  to  zero.  The  variances  and  corresponding  standard  deviations  are  given 
in  Tables  5.3  and  5.4  for  the  BA  (1)  and  BA  (2)  transfer  function  models.  The 
cumulative  error  distribution  is  used  to  describe  the  distributions  of  errors  from 
cumulative  forecasts.  Deviation  of  the  distribution  of  forecasts  made  k periods 
ahead,  V(k) , and  the  distribution  of  cumulative  forecast  errors  made  k periods 
ahead,  *V(k) , are  given  in  Appendix  D. 

The  third  column  of  Tables  5.1  and  5.2  contains  three  month  lead  fore- 
casts of  actual  expenditures.  The  fourth  column  contains  the  difference  between 
the  actual  value  and  the  forecast  (Y  - Yt_3(3))  called  the  forecast  error. 

5 • 5 Built-in  Reserves 

There  are  two  methods  used  by  BuPers  to  reserve  funds  as  safeguards 
for  overexpenditures.  A reserve  is  set  aside  before  planning  is  begun  and  an 
excess  is  built  into  the  plans.  This  section  considers  the  built-in  reserves  in 
evidence  during  FY's  74,  75  and  76  where  the  expected  level  of  actual  expenditures 
which  would  have  been  predicted  by  the  models  using  a three  month  lead  are 
compared  with  the  planned  obligations  for  these  years.  Total  reserves  needed 
for  the  future  are  also  considered. 


M onth  1 y Built-In  Reserves 

A three-month  load  period  for  forecasting  actual  expenditures  for  an 
executed  plan  of  obligations  is  felt  to  be  the  shortest  period  for  implementing 
a new  plan.  The  fifth  column  in  Tables  5.1  and  5 . 2 shows  the  difference  be- 
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TABLE  5.3 


BA(1)  FORECAST  AND  CUMULATIVE  FORECAST  ERROR  VARIANCES 
AND  STANDARD  DEVIATIONS 


Forecast 

Lead 

k 

Forecast 

Error 

Variance 

V (k) 

Forecast 

Error 

S.D. 

jVw}  * 

Cumulative 
Forecast  Error 
Variance 

V(k) 

Cumulative 
Forecast 
Error  S.D. 

[v(k)5  2 

1 

6.69 

2.59 

6.69 

2.59 

2 

7.17 

2.68 

17.93 

4.23 

3 

7.21 

2.69 

30.73 

5.54 

4 

7.23 

2.69 

44.03 

6.64 

5 

7.23 

2.69 

57.46 

7.58 

6 

7.23 

2.69 

70.94 

8.42 

7 

7.23 

2.69 

84.44 

9.19 

8 

7.23 

2.69 

97.93 

9.90 

9 

7.23 

2.69 

111.43 

10.56 

10 

7.23 

2.69 

124.93 

11.18 

11 

7.23 

2.69 

138.43 

11.77 

12 

7.23 

2.69 

151.93 

12.33 

TABLE  5 . 4 


BA  (2)-  FORECAST  AND  CUMULATIVE  FORECAST  ERROR  VARIANCES 
AND  STANDARD  DEVIATIONS 


Forecast 

Lead 

k 

Forecast 

Error 

Variance 

V (k) 

Forecast 

Error 

S.D. 

Cumulative 
Forecast  Error 
Variance 

V(k) 

Cumulative 
Forecast 
Error  S.D. 

[v(k)J  2 

1 

51.05 

7.14 

51.05 

7.14 

2 

51.05 

7.14 

102.10 

10.10 

3 

51.05 

7.14 

153.15 

12.38 

4 

51.05 

7.14 

204.20 

14.29 

5 

51.05 

7.14 

255.25 

15.98 

6 

51.05 

7.14 

306.30 

17.50 

7 

51.05 

7.14 

357.35 

18.90 

8 

51.05 

7.14 

408.40 

20.21 

9 

51.05 

7.14 

459.45 

21  .43 

10 

51.05 

7.14 

510.50 

22.59 

11 

51.05 

7.14 

561  .55 

23.70 

12 

51  .05 

7.14 

612.60 

24.75 
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tween  the  planned  obligations  lor  each  month  and  a forecast  of  that  month's 
actual  expenditures  which  could  have  been  made  three  months  earlier.  The 
average  monthly  built-in  reserve  for  iiA(l)  is  $1 .93  million  and  for  EA(2)it  is 
$4.10  million.  The  sixth  column  of  the  previously  mentioned  tables  give 
the  probability  that  actual  expenditures  would  exceed  planned  obligations  for 
each  month  thus  indicating  the  degree  of  protection  offered  by  the  monthly 
built-in  reserve.  The  probabilities  are  calculated  by  dividing  the  monthly 
built-in  reserve  by  the  three  month  lead  forecast  error  standard  deviation,  which 
makes  it  a standard  normal  deviate,  and  finding  the  probability  that  a standard 
normal  variable  would  deviate  from  zero  by  at  least  that  amount.  Figures  5.7 
and  5.8  are  graphical  plots  for  EA  0)and  BA(2)of  these  probabilities  with  the 
values  for  months  when  actual  expenditures  did  exceed  planned  obligations  in- 
dicated. The  average  level  of  protection  is  approximately  the  same  for  both 
accounts  (.33  for  BA(l)  and  .31  for  BA(2)).  The  wide  variation  of  the  probabilities 
for  both  accounts  would  indicate  that  the  building  in  of  a reserve  is  not  done  on 
a systematic  basis. 

Yearly  Built-in  Reserves 

The  approach  for  looking  at  yearly  built-in  reserves  was  modified  some- 
what to  account  for  the  fact  that  the  plan  for  monthly  obligations  is  changed 
periodically  during  the  year.  Instead  of  using  executed  plans,  the  last  full  year 
plan  existing  prior  to  the  beginning  of  FY's  75  and  76  were  used.  For  rY  75  this 
was  FLAN  E and  for  FY  76  it  was  PLAN  F.  FY  74  was  not  analyzed  since  the 
planned  obligations  executed  in  the  latter  half  of  FY  73  would  be  needed  for  the 
forecasts.  The  built-in  reserve  was  calculated  by  using  the  plans  for  each  year 
and  the  executed  planned  obligations  from  the  preceeding  year  to  forecast  actual 
expenditures  for  each  month  of  the  year  as  if  the  plan  were  to  be  executed. 

The  forecasts  were  summed  and  subtracted  from  the  sum  of  the  monthly  planned 
obligation  values  in  the  plan  to  obtain  the  built-in  reserve.  The  plans  and  fore- 
casts arc  shown  in  Table  5.5  for  BA  (1)  and  Table  5.6  for  LlA  (2).  As  indicated  in 
Table  5.5,  P1AN  T for  BA  (1)  in  FY  76  actually  had  a built-in  deficit. 

The  explanation  for  the  deficit  comes  from  considering  the  gains  of  the 
transfer  functions  for  BA  (1)  and  BA  (2).  Figures  5.9  and  5.10  contain  plots  of 
PIAN  E and  PLAN  T for  both  BA  (1)  and  BA  (2).  Also  shown  on  the  graphs  arc  the 
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TABLE  5.5 

BA(1)  - MODEL  FORECASTS  BY  MONTH  FOR  FY  75  AND  76 


(July  74) 


FY  75 


(July  75) 


FY  76 


Plan  E 

Actual  Expenditures 

M onth 

Planned  Obligations 

Forecast  From  Month  12 

13 

112 

108.773 

14 

112 

107.938 

15 

121 

111.068 

16 

105 

109.005 

17 

106 

103.848 

18 

107 

108.343 

19 

107 

106.585 

20 

107 

107.250 

21 

108 

107.572 

22 

107 

107.735 

23 

109 

107.986 

24 

+ 126 

+ 113.500 

1327 

1299.602 

Built- 

-in  Reserve  = 1327  - 1299.602  = 

- 27.40 

S.D. 

of  12  month  Cumulative  Forecast  = 12.33 

bility  of  Cum.  Act.  Exp.  Exceeding  $1327M 

under  Plan  E = .0131 

Plan  F 

Actual  Expenditures 

Month 

Planned  Obligations 

Forecast  From  Month  24 

25 

113 

111.176 

26 

112 

109.285 

27 

124 

114.159 

28 

104 

111.228 

29 

104 

104.368 

30 

103 

109.082 

31 

106 

107.301 

32 

106 

109 .121 

33 

106 

108.408 

34 

106 

108.975 

35 

107 

109.273 

36 

+ 119 

H-  112.940 

1310 

1315.316 

Built-in  Reserve  = 1310  - 1315.316  = -5.32 
S.D.  of  12  month  Cumulative  Forecast  = 12.33 
Probability  of  Cum.  Act.  Exp.  Exceeding  $1310M  under  Plan  F = .67 


' 
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t+r 


Plan  E 

Actual  Expenditures 

Month 

Planned  Obligations 

Forecast  From  Month  12 

(July  74) 

13 

314 

308.247 

1 

14 

314 

311 . 50o 

15 

305 

305.086 

16 

324 

313.100 

17 

324 

313.111 

FY  75 

18 

324 

321.713 

19 

323 

321 .246 

I 

20 

322 

320.568 

21 

322 

319.959 

22 

320 

318.523 

23 

319 

317.634 

24 

+ 323 

+ 318.651 

3834 

3789.343 

Built-in  Reserve  = 3834  - 3789.343  = 44.66 
S.D„  of  12  month  Cumulative  Forecast  = 24.75 
Probability  of  Cum.  Act.  Exp.  Exceeding  $3834M  under  Plan  E = .0356 


j 

Plan  E 

Actual  Expenditures 

Month 

Planned  Obligations 

Forecast  From  Month  24 

(July  75) 

25 

315 

313.173 

26 

314 

313.690 

27 

313 

310.31 2 

28 

311 

308.665 

‘ 

i 

29 

308 

306.283 

FY  76 

30 

305 

303.250 

1 

J 

31 

306 

301.838 

32 

305 

300.232 

33 

305 

300.523 

t 

j 

34 

304 

299.606 

H 

35 

304 

299.447 

i 

36 

+ 306 

+ 300.087 

3696 

3657.11 1 

Built-in  Reserve  = 3696  - 3657.1  11  = 38.89 
S.D.  of  12  month  Cumulative  Forecast  = 24.75 
Probability  of  Cum.  Act.  Exp.  Exceeding  $3696M  Under  Plan  F = .0581 
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trend  lines  for  planned  obligations  for  each  account.  As  was  discussed  pre- 
viously, the  gain,  g,  of  a transfer  function  is  a rough  measure  of  the  cumu- 
lative affect  of  differences  between  the  trend  line  and  planned  obligations  on 
actual  expenditures.  Let^X^  be  the  difference  between  a planned  obligation 
for  period  t and  the  trend  value,  X^.  Let  Y be  the  trend  value  for  actual 
expenditures,  then  the  built-in  reserve  for  FY  75  can  be  written  as 


12 

12  12 

Built-in  reserve  = 

I 

i-1 

0=12,  l +Ax12+1>  ■ £y  - 9 I Ax12  + i 

u i =1  1 2+i  i -1 

12 

12 

— 

Z 

i -1 

(X12+i  “ Y12  + i)  + (1~g)  X Ax  . 

i=l  12+i 

For  BA  (1)  this  formula  becomes: 

12 

Built-in  reserve  = £ f.238(13+i)  + 105.8  - .253(13+1)  - 103.61 

i=l  L J 

+ (1-.339)  (4.56) 

= (12x13+78)  (.238  -.253)  + 12  (105.8  - 103.6)  + .661  (4.56) 

= 25.90 

Similar  calculations  using  the  gain  relationship  were  done  for  BA  (1)  in  FY  75 
and  both  FY  plans  for  BA  (2).  The  results  of  these  calculations  are  shown  in 
Table  5.7  along  with  the  built-in  reserves  as  calculated  using  the  forecasts. 

Agreement  between  the  gain  calculations  and  the  forecasting  values 
supports  the  conclusion  that  gains  of  the  transfer  functions  are  a key  to  under- 
standing long  term  effects  of  plans  on  actual  expenditures.  It  should  also  be 
noted  that  BA  (1)  plans  which  go  below  the  trend  lino  are  much  more  likely  to 
have  built  in  deficits  than  BA  (2)  plans  which  go  below  the  trend  line.  This  is 
because  the  BA  (1 ) actual  expenditures  move  away  from  the  trend  line  at  only 
.339  times  the  rate  of  the  planned  obligations.  The  low  gain  makes  it  possible 
for  the  cumulative  planned  obligations  to  dip  below  cumulative  actual  expendi- 
tures. The  next  two  paragraphs  discuss  the  level  of  protection  afforded  by 
these  plans  had  they  been  executed. 
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TABLE  5.7 

COMPARISON  OF  BUILT-IN  RESERVE  ESTIMATES  TROM 
TABLES  5.5  AND  5.6  AND  THE  GAIN  CALCULATION 


DA  (3  ). 

BAM 

Tables  5 . 5 and  5 . 6 

27.40 

44.66 

FY  75  Built  in  Reserve 
Gain  Calculation 

25.60 

47.74 

Tables  5 . 5 and  5 . 6 

-5.32 

38.89 

FY  76  Built-in  Reserve 
Gain  Calculation 

-10.15 

56.77 

r 


i 
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The  standard  deviation  of  a 12  month  cumulative  forecast  as  listed  in 
Table  5.5  for  BA  (1)  is  $12.33  million.  Ilad  PLAN  E been  executed  in  EY  75  for 
BA  (1)  the  built-in  reserve  of  $27.9  million  would  have  assured  that  cumulative 
expenditures  would  have  exceeded  cumulative  planned  obligations  with  a proba- 
bility of  only  .0131 . On  the  other  hand,  the  built-in  deficit  in  PLAN  T for  EY  76 
resulted  in  a probability  of  .67  that  cumulative  actual  expenditures  would  exceed 
cumulative  planned  obligations  had  the  plan  been  executed. 

Both  plans  shown  for  BA(?)  in  Table  5.6  contained  substantial  built-in  re- 
serves. The  built-in  reserve  of  $44.7  million  in  PLAN  £ resulted  in  a probability 
of  only  .04  that  cumulative  expenditures  would  exceed  cumulative  planned 
obligations.  With  the  built-in  reserve  of  $38.9  million  for  PLAN  F in  IY  76  there 
was  only  a .06  probability  that  cumulative  expenditures  would  exceed  cumulative 
planned  obligatio:  s. 

5 . 6 Future  du serves 

The  total  reserves  needed  to  cover  fluctuations  in  cumulative  actual  ex- 
penditures for  a year  is  not  necessarily  a function  of  12  month  cumulative  fore- 
cast error.  If  any  discrepancies  between  cumulative  expenditures  and  cumulative 
planned  obligations  can  be  incorporated  into  a new  plan  to  be  executed  beginning 
with  the  last  few  months  of  the  fiscal  year,  then  the  total  reserves  needed  for  a 
certain  confidence  level  of  protection  will  be  a function  of  a much  shorter  cumula- 
tive forecast  error  standard  deviation. 

Table  5.8  shows  the  total  reserve  necessary  to  afford  the  level  of  protec- 
tion shown  and  a corresponding  necessary  lead  time  for  both  accounts.  For 
example,  the  value  of  9.1  under  95%  and  across  from  3 in  the  table  for  BA  1 
indicates  that  a total  reserve  of  $9.1  million  would  be  enough  to  assure  that  95%  of 
the  time  this  reserve  would  cover  the  cumulative  error  between  forecasted  actual  ex- 
penditures and  actual  expenditures  for  the  last  three  months  of  the  year.  Assuming 
that  any  discrepancy  between  cumulative  planned  obligations  and  actual  expendi- 
tures for  the  first  nine  months  can  be  incorporated  into  the  plan  for  the  last,  three 
months,  then  $9.1  million  would  be  the  only  reserve  needed. 
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The  reserves  shown  in  Table  5.8  were  calculated  assuming  that  the 
linear  trends  in  the  planned  obligations  and  actual  obligations  would  remain 
unchanged  as  well  as  the  underlying  process.  If  these  assumptions  are  no 
longer  true,  then  the  confidence  levels  shown  may  no  longer  be  valid. 

5 . 7 Summary  of  Results  of  the  Time  Seiies  Analysis 

The  time  series  analysis  of  three  years  of  monthly  data  for  the  officer 
BA(1)  and  enlisted  BA(2)  accounts  has  yielded  the  following  results: 

• The  application  of  time  series  analysis  to  the  monthly  planned  obli- 
gations and  actual  expenditure  data  for  the  officer  BA(l)  and  enlisted  BA  (2) 
accounts  has  generated  models  which  reduce  significantly  the  standard  devia- 
tion of  the  unpredictable  fluctuations  in  actual  expenditures  for  both  accounts. 
The  model  for  the  BA  1 account  has  reduced  the  standard  deviation  of  the  actual 
expenditures  about  their  mean  from  $4.03  million  to  an  unpredictable  variation 
with  a standard  deviation  of  $2.59  million  — a 3 6 V decrease.  The  variation 
in  the  BA  2 account  was  reduced  from  a standard  deviation  of  $9.24  million 
to  a standard  deviation  of  $4.14  million  --  a 23%  decrease. 

e There  are  two  methods  of  reserving  funds  used  by  BuPers  as  safe- 
guards against  overspending.  CHNAVPERS  first  removes  a contingency  or  re- 
serve before  planned  obligations  are  calculated.  Pers  2 and  Pers  3 may  have  a 
built-in  reserve  in  the  planned  obligations.  Employment  ol  trans'tbr  Junction 
models  as  a tool  for  control  potentially  will  allow  BuPers  to  hold  the  total  amount 
of  reserves  obtained  from  both  methods  to  between  $9.1  million  and  $13.9  million 
for  the  BA (1)  account  with  a 95%  expectation  that  the  total  reserve  will  be  sufficient. 
A reserve  of  between  $20.4  million  and  $28.8  million  will  suffice  for  the  enlisted 
BA(2)  account  for  the  same  level  of  coverage.  The  minimum  reserves  correspond 
to  o reasonable  lead  time  of  three  months  to  execute  a new  monthly  plan  of  planned 
obligations,  while  the  maximum  reserves  correspond  to  a conservative  estimate 
of  six  months . 
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o>  A fundamental  difference  exists  between  the  BA  (1)  and  BA  (2)  sys- 
tems with  respect  to  their  response  to  differences  between  planned  obligations 
and  the  trend  for  planned  obligations.  The  BA  (1)  account  tends  to  significantly 
shrink  the  differences  in  terms  of  actual  expenditures  while  the  BA  (2)  system 
tends  to  slightly  expand  the  response.  Due  to  the  significant  shrinkage  in 
the  BA  (1)  system,  it  is  prone  to  large  built-in  reserves  when  planned  obliga- 
tions are  above  the  trends  line  for  planned  obligations  and  small  deficits  when 
it  is  below. 

e Use  of  the  models  to  reduce  the  variance  of  actual  expenditures 
by  generating  forecasts  indicates  that  each  account  contains  a built-in  reserve 
in  planned  obligations.  This  reserve  amounts  to  an  average  of  $1  .93  million 
per  month  difference  between  planned  obligations  and  forecasted  expenditures 
in  the  BA  (1)  account  and  an  average  of  $4.10  million  per  month  in  the  BA  (2) 
account. 

© The  same  logic  applied  to  cumulative  planned  obligations  as  con- 
tained in  PLAN  E,  the  final  plan  of  planned  obligations  to  begin  FY  75,  and 
the  cumulative  forecast  for  BA  (1)  indicates  that  the  plan  had  a built-in  reserve 
of  $27.40  million  corresponding  to  a probability  of  .0016  that  cumulative  ex- 
penditures would  have  exceeded  the  cumulative  planned  obligations  had  the 
plan  been  executed. 

© PLAN  F,  the  final  plan  to  begin  FY  76  had  a built-in  deficit  of 
$5.32  million  for  BA  (1)  with  a probability  of  .72  that  had  the  plan  been  exe- 
cuted, cumulative  expenditures  would  have  exceeded  cumulative  planned  ob- 
ligations . 

e PLAN  E for  BA  (2)  in  FY  75  had  a built-in  reserve  of  $44.7  million 
with  a corresponding  probability  of  .04  and  PLAN  F for  BA  (2)  in  FY  76  had  a 
built-in  reserve  of  $38.9  million  corresponding  to  a probability  of  .06  that 
cumulative  expenditures  would  not  have  exceeded  tlv  cumulative  planned  ob- 
ligations of  the  plan. 
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6.  CONCLUSIONS  AND  RECOMMENDATIONS 

The  analysis  of  financial  data  of  the  LA  (1)  and  BA  (2)  accounts  of  the 
past  three  fiscal  years  shows  that  BuPc-rs  has  exerted  close  control  in  keeping 
a proper  relationship  between  actual  expenditures  and  planned  obligations. 

BuPers  has  maintained  a reasonable  margin  of  safety  in  those  two  accounts 
ensuring  that  actual  expenditures  do  not  exceed  planned  obligations  on  a cumu- 
lative basis  during  the  fiscal  years  examined.  Still  further  refinements  and 
improvements  in  the  methods  and  procedures  arc  possible.  This  study  provides 
a look  at  time  series  analysis  as  a potential  aid  to  BuPers  for  explaining,  con- 
trolling, and  providing  for  variations  between  actual  expenditures  and  planned 
obligations  as  they  are  now  determined.  The  authors  believe  that  their  analysis 
supports  the  following: 

1.  The  application  of  time  series  analysis  to  the  three-year  financial 
data  has  resulted  in  a model  which  has  the  potential  to  be  used  in  forecasting 
expenditures,  i.e.,  planned  expenditures,  tor  BA  (1)  and  BA  (2)  from  planned 
obligations  as  established  in  the  plan  at  the  beginning  of  the  fiscal  year. 

Furthermore,  the  analysis  shows  that  actual  expenditures  in  the  BA  (I)  account 
for  any  year  will  not  exceed  the  forecast  expenditures  by  more  than  9.1  to  13.3  million 
with  a 95%  level  of  confidence.  These  figures  represent  the  margin  of  safety  needed 
in  the  last  three  or  six  months  of  the  year,  respectively  / when  it  is  assumed 
no  further  adjustments  may  be  made  to  the  account  to  increase  or  decrease  expen- 
ditures. Therefore,  a reserve  of  between  9.1  to  13.9  million  can  be  maintained 
to  assure  that  the  RA  (1)  account  is  not  overspent.  Part  of  this  reserve,  if  not 
all  of  it,  may  already  be  maintained  in  the  difference  between  cumulative  fore- 
casted expenditures  from  the  model  and  total  planned  obligations.  When  this 
excess  docs  not  account  for  the  total  9.1  to  13.9  million  reserve  needcd»a  small 
contingency  may  be  left  unobligated  initially  as  an  added  reserve,  a practice 
which  is  presently  used  by  BuPers.  However,  should  the  difference  between 
cumulative  forecasted  expenditures  and  planned  obligations  be  larger  than  what 
is  needed,  a new  plan  of  obligations  can  be  used  in  the  model  to  obtain  a new 
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forecast  and  an  acceptable  difference.  Similarly  for  the  BA  (2)  account,  the 
margin  of  safety  to  be  added  to  the  forecasted  expenditures  obtained  from  the 
model  is  between  20.4  and  28.8  million.  An  important  caveat  applies*  these 
margins  of  safety  are  realistic  only  if  time  scries  analysis  is  initiated  within 
BuPcrs  and  continually  updated  as  changes  in  policies  and  procedures  might 
occur.  The  model  and  its  results  hold  only  as  long  as  the  planned  obligations 
and  actual  expenditures  are  consistent  with  the  trend  line  observed  from  the  three 
years  of  data.  Changes  in  policy  and  procedures  may  cause  a divergence  from 
this  norm.  Also,  within  approximately  six  months  of  a given  fiscal  year,  the 
data  on  actual  expenditures  is  sufficient  to  show  whether  or  not  divergence 
from  the  trend  line  is  occurring.  If  divergence  is  apparent,  the  trend  line  may 
need  to  be  reevaluated  and  the  forecasted  results  of  the  model  examined  further. 
Appendices  to  this  report  provide  a discussion  of  Box-Jcnkins  analysis  and  users 
guide  to  the  computer  program  developed  by  Ketron. 

2.  The  discussion  in  Section  3 on  operation  procedures  for  BuPcrs  and, 
in  particular,  Pers  3,  represents  an  understanding  that  is  essential  for  appro- 
priate utilization  of  the  models  for  time  scries  analysis  of  BuPcrs  data.  The 
authors  recommend  that  these  procedures  be  updated  and  expanded  to  include 
in  detail  other  divisions  within  BuPcrs,  notably  Pers  2 and  Pers  22  3,  that  parti- 
cipate extensively  in  the  MPN  budget  program.  There  are  a number  of  reasons 
for  this  recommendation.  As  stated  before,  the  present  programs  offer  a model 
that  approximates  the  data,  i.c.,  planned  obligations  and  actual  expenditures, 
as  they  arc  now  determined.  Should  procedures  for  the  determination  of  this 
data  change,  then  the  model  must  be  changed  in  keeping  with  alterations  made 
in  procedures  or  processes.  Procedural  documentation  then  becomes  a guide- 
line for  adjusting  the  model  as  well  as  a good  historical  record  of  organiza- 
tional changes  and  sequential  adaptations  needed  in  Ihc  model.  Updated 
records  on  processes,  procedures  and  interactions  between  divisions  also  offer 
material  for  an  efficient  training  program. 

3.  The  authors  suggest  that  an  examination  be  made  of  JUMPS,  the  data 
it  receives  and  supplies,  and  how  total  usage  of  JUMPS  .information  may  alter 
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and  enhance  present  operating  procedures  within  BuPers.  An  examination  of 
the  effect  JUMPS  input  will  have  on  the  model  presented  in  this  report  would 
necessarily  follow.  Further  study  should  be  given  to  additional  use  of  com- 
puters for  functions  that  are  now  performed  manually.  This  may  involve  a look 
at  the  interdependency  of  divisions  and  possible  redundancy  of  calculations 
being  performed. 
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APPENDIX  A 

COMPARISON  OP  YEARLY  APPROPRIATIONS 
AND  EXPENDITURES  FOR  BA.  (1)  AND  BA (2) , 
1961  - 1975 


TABLE  A-l 


OFFICER  PAY  AND  ALLOWANCES 
(In  Millions  of  Dollars) 


Fiscal 


Year 

Annual  Program 

Actual 

Difference 

Percent 

1961 

599.0 

592.7 

6.1 

1.0 

62 

622.0 

623.0 

-1.0 

-.16 

63 

634.2 

634.6 

-0.4 

-.06 

64 

712.6 

711.8 

0.8 

.11 

65 

768.0 

767.8 

0.2 

.03 

66 

818.6 

817.8 

0.8 

.10 

67 

887.5 

879.4 

8.1 

0.9 

68 

932.0 

930.5 

1 .a 

.16 

69 

1,023.8 

1,025.7 

-1.9 

-.19 

70 

1 ,127.8 

1,126.0 

1 .8 

.16 

71 

1,123.2 

1,127.5 

-4.3 

-.38 

72 

1 ,173.8 

1,197.1 

-23.3 

-2.0 

73 

1,262.0 

1,240.0 

22.0 

1.7 

74 

1,278.7 

1,253.1 

25.6 

2.0 

75 

1,318.2 

1,298.2 

20.0 

1.5 

Mean  = . 00331 
Variance  = .00009 
Third  moment  = 2.3x10 
Fourth  moment  = 2.9x10 
Coefficient  of 

skewness  = -0.26 
Coefficient  of 

kurtosis  =3.41262 
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TABLE  A- 2 

ENLISTED  PAY  AND  ALLOWANCES 
(In  Millions  of  Dollars) 


Year 

Annual  Program 

Actual 

Difference 

Percent 

1961 

1 ,688.1 

1,663.7 

24.4 

1.4 

62 

1 ,766.7 

1,746.2 

20.5 

1.2 

63 

1,784.7 

1,760.9 

23.8 

1.3 

64 

1,862.8 

1,850.8 

12.0 

0.6 

65 

1,947.7 

1,946.9 

0.8 

0 

66 

1 ,156.2 

1,157.9 

-1.7 

-0.1 

67 

2,496.1 

2,447.4 

48.7 

2.0 

68 

2,645.7 

2,634.9 

10.8 

0.4 

69 

2,841  .4 

2,842.2 

-0.8 

0 

70 

3,137.3 

3,137.0 

0.3 

0 

71 

3,029.5 

3,028.0 

1.5 

0 

72 

3,351.3 

3,361 .8 

-10.5 

-0.3 

73 

3,657.3 

3,620.5 

36.8 

1.0 

74 

3,662.9 

3,633.1 

29.8 

0.8 

75 

3,802.2 

3,768.0 

34.2 

0.9 

Mean  = . 00622 
Variance  - .00004 
Third  moment  = 9.6x10 
Fourth  moment  = 3.7  x 10 
Coefficient  of 

skewness  = .3453 
Coefficient  of 

kurtosis  = 2.02789 
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APPENDIX  B 

ORGANIZATIONAL  FLOW  CHARTS 


This  appendix  contains  tho  organizational  flow  charts  detailing  the  pro 
cesses  involved  in  MPN  budget  development  and  management  as  discussed  in 
Section  3 entitled,  "Organizational  Processes,"  There  are  five  flow  charts  pre- 
sented in  the  following  order: 
o POM  Development 

MPN  Budget  Preparation 
Management  of  the  MPN  Account 
Budget  Execution 
Zeroing  Out 

The  first  four  of  the  above  flow  diagrams  outline  those  portions  of  Section  3 with 
corresponding  subtitles.  "Zeroing  Out"  is  discussed  in  the  section  under  the 
subcategory  of  "Budget  Execution.  " 


o 

o 

o 

o 


POM  Development 


In  January  the  FYDP  - Five  Year 
Defense  Program  has  been  submit- 
ted to  Congress. 

This  is  the  base  for  the  develop- 
ment of  the  next  POM.  CNO  begin: 
the  process  by  developing  total 
picture  estimates  for  the  POM. 


MPN  Budget  Preparation 


Pcrr.  2 develops  a variety 
of  strength  estimates  by 
month  for  different  options 


Pers  22  3 runs  models  for 
costing  the  vaiious  plans 
to  determine  a rough  idea 
of  the  best  plan  that  ap- 
proximates monetary  limi- 
tations . 


Pay  rates  and 
tentative  control 
dollar  estimates 
from  Pers  3 are 
supplied  for  the 
computer  model. 


Eligible  personnel  esti- 
mates for  allowance  cate- 
gories are  submitted  to 
Pers  2 from  each  program 
organization.  (Some  lo- 
cated within  Pers  2,  some 
outside .) 


"Best"  plan  of  manpower 
estimates  by  paygrade 
plus  personnel  estimates 
for  most  allowance  cate- 
gories are  submitted  to 
Pers  3 . 


Pers  3 develops  a budget 
using  strength  estimates 
and  all  eligible  personnel 
estimates  for  allowance 
categories . 


Data  for  allowance 
categories  not  obtain- 
ed from  Pers  2 are  re- 
ceived as  percentages 
from  a computer  mod- 
el developed  by  Perr.3 


Budget  goes  to 
SECNAV/NAV- 
CO  MP . 


NAVCOM 

MARKUP 


Pers  2 and  3 revise*  budget  for 
OSD  through  MPN  Planning  Co- 
ordination and  Execution  Branch 


September  Plan  B 


Budget  goes  to 
OSD/OMB 
analysts . 


OSD/OMB  cut  and/or  modify  bud 
get,  notifying  Pers  3 and  2 of 
changes  with  PBD's  - Program 
Budget  Decisions . ** 


Before  Mill  December 


Pers  2 and  3 revise  Budget  through 
MPN  Planning  Coordination 
and  Execution  Branch . 


Budget 
goes  to 
Congress 


Conciress  deter- 
mines appropria 
tion  of  funds  to 
MPN. 


r 


Management  of  the  MPN  Account 


Appropriation 
received  from 
Congress 


Form  1)05  is  supported  by 
a detailed  financial  Plan 
which  is  a monthly  phasing 
plan  by  subactivity.  This 
Financial  Plan  may  be  sub- 
mitted before  or  after  ihe 
1105.  Revision  of  the  plan 
after  appropriation  has  oc- 
curred is  sometimes  neces- 
sary. 


CHNAVPFRS  prepares 
1105  - a request  for  thi 
appropriated  money  in 
quarterly  amounts. 


1105  sent  to 
NAVCOMP 


1105  sent  to 
OSD/COMP 


1105  sent  to  OMB.  OMR  allo- 
cates the  money  in  the  quarter- 
ly amounts  requested  or  OMB 
withholds  a specific  amount 
from  the  fourth  quarter  allocation 
request. 


CHNAVPFRS  receives  the  alloca' 
tion  by  quarter  and  determines 
a manpower  and  monetary  ceil- 
ing for  internal  planning. allow- 
ing for  unforeseen  requirements 


Pers  ?.  develops  nr,  opera’  ing  plan 
of  manpower  * estimates  within 
the  limits  and  designs  a phasing 
of  the  operating  plan  by  month. 
This  phasing  expresses  total  man- 
power estimates  by  paygrades. 


i 


* If  the  operating  plan  is  developed  before  appropriations  are  released, 

then  this  plan  attempts  to  take  into  account  expected  cuts  to  the  budget 
made  by  Congress. 

**  These  statistics  will  no  longer  be  gathered  by  Pers  3 when  Pers  31  uses 
JUMPS  - Joint  Uniform  M ilitary  Pay  System  - for  statistical  data . 
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Budget  Execution 


Three  Month  Time  Frame 


Obligations 


Expenditures 


Month  A-l 


End  of  Month: 


End  of  month  strengths  for  Month  A-2 
are  received . 


Month  A 


Middle  of  Month: 


Actual  Obligations  for  Month  A-l  are 
calculated,  using: 

1 . Determination  of  Final  Obligation  for  A-2, 

2 . Advanced  Obligations  for  A-2  , 

3.  Calculation  of  Advanced  Obligation  for  A-l, 

Adv.  Obi.  (A-l)  = Final  Obi  . (A-2)  + Planned  Obi.  (A-I) 

2 


Expenditure  report  for 
Month  A-l  are  received  . 


End  of  Month: 


End  strengths  for  Month  A-l  are  received. 


Month  A+ 1 


Middle  of  Month: 


Actual  Obligations  for  Month  A are  calculated  , 
using: 

1 . Determination  of  Final  Obligation  for  A-l , 

Final  Obi.  (A-l)  = Actual  End  Strength  (A-2)  t-  Actual  End 

2 Strength  (A-l) 

x pay  factors 

2.  Advanced  Obligation  of  Month  A-l  , 

3.  Calculation  of  Advanced  Obligation  for 
Month  A. 

Actual  Obi.  (A)  = Advanced  Obi.  (A)  + (rinal  Obi.  (A-l) 

- Advanced  Obi.  (A-l)  ) 


Expenditure  reports  for 
Month  A are  received.  Ac- 
tual expenditures  written  on 
ledger  for  A are  adjusted  by: 

1 . delayed  reports  of  previous 
months , 

2 . corrections  to  previous 
reports . 


k, 


Zeroing  Out 


Actual  Obligations  which  have 
been  calculated  are  substituted 
for  the  Planned  Obligations 
approximately  every  three 
months . 


Pers  2 revises  its  manpower 
estimates  for  the  remaining 
months. 


Pers  3 revises  its  Planned 
Obligations  for  the  remain 
ing  months . 


APPENDIX  C 
FISCAL  YEAR  ANALYSIS 


Introduction 


This  appendix  supports  the  material  given  in  the  section  of  the  report, 
entitled,  "Analysis  of  Data  on  a Fiscal  Year  Basis." 

The  derivation  of  the  probabilities  and  conclusions  discussed  in  that  section 
are  presented  here  in  detail.  The  raw  data  used  in  the  calculation  of  the  sam- 
ple statistics  then  follow. 

Probability  Derivation 

A (1  - a)  confidence  interval  for  the  mean,  ft  , of  a normal  population 
can  be  detei mined  from  the  mean,  T,  and  standard  deviation,  Sp , of  a random 
sample  of  the  population.  This  is  possible  because  the  mean  of  a random  sample 
of  size  n drawn  from  a normal  population  has  a t distribution  with  n-1  degrees  of 


freedom.  Thus,  it  follows  that 


(n-1)  rsT~j 


1 | — | 1 ft  < T + t 

'*/2  , n ~ 0/2 

l!  J h 

Given  our  sample  of  size  three,  a confidence  interval  of  .90  is 

(2)  Sp  _ (2)  Sp 

p - t iC  ft  T + t _ 


.05  v 3 


. 0 :>  \ 3 , 


ft  < T + t 


(n-1)  ST 


.05  x i 
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expresses  the  probability  that  the  mean  will  be  less  than  or  equal  to  the  upper 
bound.  However  we  are  not  interested  in  the  mean  of  the  population,  per  se , 
but  in  a future  value,  xf,  of  that  population.  We  wish  to  determine  the  following 
probability: 


p 

*f  < T 

+ 

(n-1) 

1 ( 

E-H  II 

yw  1 

— 

.05  ' 

1 

This  is  the  probability  that  a future  value  will  be  less  than  or  equal  to  the  upper 
bound  of  the  90%  confidence  interval  for  fx  . Calculation  of  this  probability  is 
as  follows: 


Let 


P 


(n—  1)  /V\ 

.05  Wn/_ 
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i 


■ i 
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- —} 

y ft 

f " - 

(n-1)  Srj. 

Then 
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Call  the  ith  standard  normal  random  variable  U^.  Let  all  normalized  values  be 
equal  to  some  subscripted  variable,  U5. 

Then: 
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With  further  aLgebraic  manipulation,  we  have, 

T - 


Uj  < a/Jn 


(n-1) 

i + * 

n ■ 05 
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= P 


Uj  ~\  n U2 
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+ t S,j 
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The  variance  of  the  two  normalized  and  independent  values,  Uj  and 
be  found  from  the  equation: 
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Var  (U!  -vn 


I 

Var  U ^ + n Var  U2 

I 

1 + n 


We  now  have: 


X, 


Ux  “\n  U2 
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Since  2 j (n-1)  is  the  square  root  of  a chi  square  random  variable,  ^ , with 

n-1  degrees  of  freedom, 
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The  term  U3  corresponds  to  a t distribution  with  n-1  degrees  of  freedom. 

n-1 


n-1 


The  above  inequality  can  then  be  written: 


__ 

P 

[xfl 

= p 

n-1  n-1 

t < t 

.05 

L N n+T  J 

In  our  case,  where  n = 3 , 
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= P 
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Thus,  the  probability  that  a future  value  is  less  than  or  equal  to  the  upper  bound 
of  the  mean  of  the  population  is  85.9%. 


To  increase  this  probability  to  95%,  we  want; 


x { i a (s) 
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where  a (s)  is  some  function  of  the  sample. 


The  function  a (s)  can  be  determined,  as  follows: 
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n-1  (n-1) 

Since  P 

Xf  £ T + t Srp 

- P 

t < t 

llj 

LO 

O 

.05 

Vu  _ 

VnTI' 

then 


xf  - T + (vH7r) 


(n-1) 


: St 


.05  \Vn  ; 


= P 


n-1  (n-1) 

t £ t 

.05 


Therefore: 

a (s) 


— T + \/n+ 1 t 


(n-1)  /ST^ 
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and  the  .90  confidence  interval  for  a future  value  xp  is: 


Substituting  values  for  the  mean  and  standard  deviation  for  each  of  the  two 
samples,  BA  (1)  and  BA  (2),  we  arrive  at  the  intervals  presented  in  Section  4 


TABLE  C-l 
BA  1 

RATIO  OF  ACTUAL  EXPENDITURES  TO 
PLANNED  OBLIGATIONS 


Fir 

;cal  Year  '74 
Month 

Fiscal  Year  '75 
Month 

Fiscal  Year  '76 
Month 

1 . 

.983 

13. 

.967 

25. 

.992 

2. 

1.022 

24. 

.996 

26. 

.985 

3. 

.951 

15. 

.851 

27. 

.952 

4. 

.954 

16. 

1.072 

28. 

1.001 

5. 

.985 

17. 

.997 

29. 

.933 

6. 

.988 

18. 

.987 

30. 

1.039 

7. 

.990 

19. 

1.002 

31  . 

.987 

8. 

.987 

20. 

.988 

32. 

.996 

9. 

.977 

21  . 

1.000 

33. 

.988 

10 

.992 

22. 

1.016 

34. 

1.050 

11 

. .987 

23. 

.983 

35. 

.969 

12 

.954 

24. 

.964 

36. 

.934 

Average  .981  Average  .984  Average  .984 


TABLE  02 
BA  1 

RATIO  OF  ACTUAL  EXPENDITURES  TO 
ACTUAL  OBLIGATIONS 


riscal  Year  '74 


Month 

1 . 

.994 

2. 

.997 

3. 

.978 

4. 

.987 

5. 

.969 

6. 

.987 

7. 

.989 

8. 

1.004 

9. 

.983 

10. 

.998 

11 . 

1.010 

12. 

.970 

Average  .989 


Fiscal  Year  ‘75 
Month 


13. 

.991 

14. 

.996 

15. 

.974 

16. 

1 .014 

17. 

.966 

18. 

.988 

19. 

1.001 

20. 

1 .016 

21  . 

.997 

22. 

1 .013 

23. 

.988 

24. 

1 .012 

Average  .996 


Fiscal  Year  '76 
Month 


25. 

.992 

26. 

.994 

27. 

.992 

28. 

1.003 

29. 

.946 

30. 

1.045 

31 . 

.998 

32. 

1.012 

33. 

.994 

34. 

.998 

35. 

1.002 

36. 

.935 

Average  .992 


i 
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TABLE  C-3 
BA  2 


RATIO  OI'  ACTUAL  EXPENDITURES  TO 
PLANNED  OBLIGATIONS 


Fiscal  Year  '74 
Month  


1. 

.944 

2. 

.986 

3. 

.970 

4. 

.979 

5. 

1.003 

6. 

.965 

7. 

1.006 

8. 

.985 

9. 

.977 

10. 

.983 

11  . 

.988 

12. 

.978 

Average  .981 

Fiscal  Year  '75 
Month 


13. 

.961 

14. 

1 .015 

15. 

.994 

16. 

.989 

17. 

.991 

18. 

1 :023 

19. 

1.000 

20. 

.967 

2)  . 

.993 

22. 

1.022 

23. 

.980 

24. 

.930 

Average  .989 

Fiscal  Year  '76 
Month 


25. 

.957 

26. 

.990 

27. 

1.036 

28. 

.962 

29. 

.984 

30. 

1.035 

31  . 

.955 

32. 

.965 

33. 

1.034 

34. 

1.014 

35. 

.985 

36. 

.967 

Average  .990 
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TABLE  C-4 
BA  2 

RATIO  Or  ACTUAL  EXPENDITURES  TO 
ACTUAL  OBLIGATIONS 


Fiscal  Year  ’74 
Month 


1 . 

.944 

2. 

. 98G 

3. 

.983 

4. 

.999 

5. 

1.022 

G. 

.966 

7. 

1.027 

8. 

1.004 

9. 

1.006 

10. 

.988 

11  . 

.997 

12. 

.981 

Average  .993 

Fiscal  Year  '75 
Month 


13. 

.969 

14. 

1.021 

15. 

.992 

16. 

.997 

17. 

.998 

18. 

1 .013 

19. 

.994 

20. 

.969 

21 . 

.997 

22. 

1.020 

23. 

1.006 

24. 

.941 

Average  .993 

Fiscal  Year  '76 
Month 


25. 

.956 

26. 

1.000 

27. 

1.029 

28. 

.965 

29. 

1.000 

30. 

1.034 

31  . 

.961 

.32. 

.981 

33. 

1.038 

34. 

1.019 

35. 

.985 

36. 

.956 

Average  .993 
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APPENDIX  D 

TRANSFER  FUNCTION  MODELS 

The  transfer  function  model  theory  described  in  this  appendix  describes  the 
formulations  and  relationships  used  to  analyze  the  BA1  and  B2  data.  Other  aspects 
of  time  series  analysis  as  described  in  referencej./  are  not  discussed  since  the 
reference  is  the  best  source  of  information  on  these  topics.  Appendix  E which 
follows  this  one  contains  a description  of  the  computer  programs  developed  for 
this  analysis  and  their  use. 

Tran sfer  Functions  Without  Noise 

If  no  noise  is  corrupting  the  relationship  between  and  input  series  £ X 1 and 
output  series  fYj  , then  the  general  form  of  the  transfer  function  with  finite 
parameters  which  relates  the  input  series  to  the  output,  series  is 

Y = f + f ,Y  . + f Y + ...  +f  Y + g X + . . . + g X ... 

to  1 t-1  2 t-2  p t-p  o t-1  q t-q.  (1) 

Equation  (1)  says  that  the  current  value  of  the  output  series  can  be  written  as  a 

constant,  f , plus  a linear  combination  of  past  values  of  the  output  series  and  a 
o 

linear  combination  of  the  current  and  past  values  of  the  input  series.  The  f' s and 
g's  are  constant  parameters  of  the  transfer  function.  Let  B be  the  backshift 
operator.  This  linear  operator  acts  in  the  following  way: 

B'  Vxt-i 

Using  the  backshift  operator  equation  (1)  can  be  rewritten  as 

r(B)  Vfo  + G(B)xt 


whore 


F(B)  = 1-fjB-f  B 


2 1 q 

G(B)  = q +g.B  + g„B  + . . . + g B 
-o  1 2 q 


Equation  (1)  can  be  manipulated  so  that  Y can  be  expressed  as  a function  of  only 
current  and  past  values  of  the  input  scries  by  dividing  both  sides  of  equation  (2) 


by  F ( B) : 


yt  = r (B)fQ  + F (B)G(B)Xt 


1 J Box  and  Jenkins,  Tinm  Series  Analysis:  Forecasting  and  Control,  Holden-Day, 
San  Trancisco,  1976. 
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The  first  term  on  the  right,  F (B)f  is  just  a constant.  The  second  term,  depending 
on  the  order  if  G(B)  and  F(B)  will  be  either  a finite  or  infinite  polynomial  in  B 
so  that  equation  (3)  has  the  form: 

Y = c + v X.  + v.  X + v X + ...  . (4) 

t o o t 1 l-l  2 t-2 


=c0+  15,(UiB  )xt 


= c + V (B)X 
o t 


where 


V(B)  - F_i(B)  G(B) 


The  V;  in  equation  (4)  are  called  the  transfer  function  weights.  Estimation  of  the 
parameters  of  a model  is  most  easily  done  if  only  a finite  number  of  parameters  are 
estimated.  Consequently,  the  model  estimation  procedure  described  in  appendix  E 
estimates  the  parameters  of  equation  (1)  rather  than  the  possibly  infinite  parameter 
of  equation  (4)  . 

Gain  of  the  Transfer  Function 


The  gain,g,  if  a transfer  function  is  given  by 

CO 

_ _ r- ..  _ g + g,  + . • • + g„ 


l-f.-f  .f 

12  p 


The  gain  of  a transfer  function  is  a measure  of  the  input  of  a change  in  the  input 
series  on  the  output  scries.  For  instance,  if  cq  in  equation  (4)  were  zero  and  Xt 
for  t — t , then  for  tit  . Now  suppose  X,  = 1,  X.-X  for  t^t  , then 


r 


and  os  co 

ZYt=  Zv  i 

t=t*  i=0 

Thus  the  gain,  g , is  a scalar  measure  of  the  cumulative  effect  on  the  output  series 
of  a unit  change  in  the  level  of  the  input  series. 

Transfer  Functions  With  Noise 

In  most  cases  of  interest  the  relationships  between  the  input  series  and 
output  series  will  include  a component  which  can  not  be  explained  in  a deterministic 
model.  This  unpredictable  component  is  usually  referred  to  as  "noise".  With 
noise  present,  equation  (3)  becomes 

Y = F~Wo  + F_1(B)G(B)  Xt  + Nt.  (7) 

If  the  N are  independently  normally  distributed  random  variables  with  means  equal 
to  zero  and  equal  variances  then  N is  written  as  a^  indicating  that  no  further  transform- 
ations can  be  made  to  reduce  the  unpredictable  components  of  the  model.  If,  on 
the  other  hand,  the  are  correlated  and  have  non  zero  mean,  the  model  can  be 
adjusted  to  change  the  constant,  fQ,  and  transform  by  v/riting  it  as  follows; 

Nt  = E_1(B)H(B)  at 

P' 

where  E(B)  = l-<^  B-e^B  H-. . . + e 'B 

^ i 

and  H(B)  = h + h.B  + h„B^  + . . . + h 'B^ 
o 1 2 q 

The  total  transfer  function  model  can  then  be  written  as 

Y = c + F_1(B)G(B)  + E_1(B)H(B)  a.  (8) 

to  t t 

where  the  a^  are  independently  distributed  normal  randon  variables  with  zero  means 
and  equal  variances . 

Forecasting  Errors 

If  the  model  contains  no  noise  then  forecasts  arc  made  using  either  equation 
(1)  or  (4)  and  there  will  be  no  errors  in  the  forecast.  If  noise  is  present,  then 
equation  (8)  will  be  used  to  forecast  cr  the  following  equations  can  be  used: 


r 


E(B)r(B)  Y = E(B)  fo  + E(B)G(B)  Xt  + F(B)II(B)  Qt.  (9) 

Equation  (9)  will  have  a finite  number  of  terms.  In  either  case,  forecasts  are 
made  assuming  that  future  values  if  a will  be  zero  since  zero  is  the  expected 
value  for  the  random  value.  Errors  in  the  forecast  result  from  the  a not  being 
zero.  However,  the  error  will  have  a distribution  based  on  the  standard  deviation 

of  the  a . Suppose  equation  (8)  is  written  as 

tco  oo 

Y = c + Y v.  X . + L W.a  . /,  n\ 

t o i=rQ  i t-i  jJq  i t-i  . (10) 

A A 

Also  let  Y (k)  be  a forecast  of  Y , made  from  period  t.  Then  Y.(k)  is  calculated 
t t+k  t 

or  follows 

A 09 

Y.  (k)  = c + V*v  X , . + y*W . a . . 

t o ^ i t+k-i  i t+k-i 


since  a * is  assumed  to  be  zero  for  t'  ■»  t.  Therefore,  the  error  in  the  forecast  is 

t k-1 

Yt*-?tw=£wiVM 


The  mean  of  the  forecast  is  zero  since  the  mean  of  each  of  the  a,  is  zero.  The 
variance  of  the  forecast  is 

k-1 

Variance  W .-Y.(k)  )=  Variance  ( T w.a^  , .) 

t+k  t i t+k-i 

Where  cr  is  the  standard  deviation  of  the  random  noise  components,  a,  . The 
a t. 

variance  of  a cumulative  forecast  for  n periods  can  be  found  as  follows; 

n n i-1 

Cumulative  error  = V (Y.  Y.(i)  ) = f 7 w,  a,  . , 

(=\  t+1  1 £1  r-ok  t+l"k 

= w a,  - 
o t+1 

+w  a.  „ + w,  a.  . 
o t+2  1 t+1 

+w  a.  _ + w.a.  _ + w„a.  . 
o t+3  1 t+2  2 t+1 
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Hence 
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Variance  of  cumulative  error  [ Yt(i)]  - £^  a'± 
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Tho  remainder  of  this  appendix  shows  the  caicuiations  made  to  arrive  at  the  value, 
shown  in  the  main  body  of  this  report  for  the  »U>  and  BM2>  aoeounts . 
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Deviations  from  linear  trends: 

x = X - . 238t  - 105.8 
t t 

Y = Y - . 253t  - 103.6 
yt  t 

Transfer  function  model  for  deviations  from  trends: 

_ 1 2 

2v  . /i  . nac:u\  rx  rr  ~f)  . 69 


V - (.269  + 250B  - 180B2)  x + (1  + -296B)  1 at  6-69 

f OO 

= (.269  + .250B  - .180B2)  xt  + ^ .296)^. 


Gain  of  the  system  - g 


= q = .269  + .250  - .180  = .339 


1 )v_i 

2 * 1 


variance 


r of  (y1+k-  yt(k)  ) = V(k)  = ^ £0(.2S6)>  = 6-69j^  (-250 


variance  of  cumulative  error  forn  periods 

V(n)  = (TaSdj.296*2 

=1  k=0 

n i'l  k 2 

= 6.69  £ ( £ (-296)  ) 

1=1  k-0 

BA(2) 

Deviations  from  1 inear  trends: 

_ X 298t  - 309.3  (Planned  obligations) 

Xt  " t ' 

v Y - 4Q.lt-  303.1  (Actual  expenditures) 

Yt  t ' 

Transfer  function  model  for  deviations  from  trends: 


y = (.515  + .211B  + .45013  )x  + a <7a=51.05 

t L L 

(Note  w = 1,  wr$  for  i^»  0) 

Gain  of  the  system  =g-  . 519  + .211  + .450  = 1.180. 

1 

a 2 

Variance  of  (y^,_  ~ Y^(k))V  (k)  - Cfa  -51.05 

Variance  of  cumulative  error  for  m periods  = V(n)  = cr. 


APPENDIX  E 


USER'S  GUIDE  TO  THE  BOX-JENKINS  PROGRAM 


j“-  ‘ 

C APPENDIX  E 


USER' r;  GUIDE  TO  THE  BOX-JENKINS  PROGRAM  RET 


< 


1 


The  following  is  a discussion  of  a set  of  six  computer  programs  designed 
to  aid  the  user  in  fitting  a predictive  model  to  two  series  of  observations.  The 
discussion  assumes  that  the  reader  has  some  familiarity  with  the  proc^duie  em- 
ployed, Box-Jenkins  analysis.  The  reader  is  referred  to  Appendix  D for  an  ex- 
planation of  the  time  series  analysis  method.  Also  included  here  ore  several 
caveats  concerning  the  use  of  these  programs,  followed  by  some  suggestions 
for  their  future  modification. 

In  brief,  the  user,  with  the  help  of  these  programs,  will  attempt  to  ex- 
plain or  predict  the  present  or  future  performance  of  one  series  of  data,  in  this 
case  actual  expenditures,  in  terms  of  its  past  performance,  and  in  terms  of  the 
present  and  past  performance  of  another  series,  in  this  case  planned  obligations. 
The  user  and  the  programs  will  determine  how  many  previous  months  are  to  be 
included  in  the  model  and  what  the  coefficients  of  the  previous  actual  expendi- 
tures and  planned  obligations  will  be.  The  first  three  programs,  viz.  US1D, 

USPE,  and  USES,  aid  in  fitting  a Box-Jenkins  single-series  model  to  the  planned 
obligations.  The  last  three,  viz,  UTID,  UTPE  and  UTES  use  the  planned  obliga- 
tions model  to  construct  a transfer  function  model  for  actual  expenditures. 

A Box-Jenkins  single-series  model,  the  type  used  for  planned  obligations, 
attempts  to  explain  or  predict  planned  obligations  for  a given  month  in  terms  of 
previous  months'  planned  obligations,  plus  an  unexplained  component  called 
"noise".  The  model  has  two  sets  of  coefficients  of  past  planned  obligations: 
a finite  set,  what  Box  and  Jenkins  call  "autoregressive"  , for  short  term  effects, 
and  an  infinite  set,  what  Box  and  Jenkins  call  "moving  average,"  for  effects 
that  take  a long  time  to  die  out.  The  resulting  model  is  a combination  of  the  two. 

A transfer  function  model  is  a two-stage  model.  The  first  stage  is  calk'd 
a "transfer  function."  It  explains  or  predicts  actual  expenditures  in  terms  of 
past  actual  expenditures,  and  planned  obligations  at  and  previous  to  the  delay 
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time.  The  delay  time  is  the  time  it  takes  a planned  obligation  to  affect  an  actual 
expenditure.  There  is  a second  representation  for  the  transfer  function.  Since 
present  actual  expenditures  can  bo  expressed  in  terms  of  planned  obligations 
and  past  actual  expenditures,  and  those  past  actual  expenditures  can  be 
expressed  in  terms  of  more  planned  obligations  and  further  past  expenditures,  and 
so  on  ad  infinitum  the  present  actual  expenditures  can  be  expressed  in  terms  of 
an  infinite  series  of  planned  obligations.  The  coefficients  in  this  infinite  series 
are  called  the  "transfer  function  weights."  A transfer  function  will  almost  always 
leave  some  unexplained  variability  in  the  observed  data,  variability  which  we  will 
refer  to  as  noise.  The  less  noise  there  is  in  a transfer  function  model,  the 
better  it  will  predict.  For  this  reason  and  to  give  the  noise  some  nice  statistical 
properties,  Box  and  Jenkins  apply  a second  stage:  a single-series  model  to  the 
noise . This  second  stage  is  called  a "noise  model."  Like  the  single-series 
model  mentioned  above,  the  noise  model  consists  of  an  autoregressive  (finite) 
part  and  a moving  average  (infinite)  part.  It  has  the  effect  of  adding  more 
months  past  actual  expenditures  and  planned  obligations  to  the  model  and  modi- 
fying the  coefficients  of  those  expenditures  and  obligations  already  in  the  model. 
Thus,  it  can  be  thought  of  as  a correction  to  the  transfer  function.  Unexplained 
variability  left  over  aftur  the  noise  model  has  been  fitted  will  be  referred  to  be- 
low as  the  final  noise.  In  sum,  the  transfer  function  model  is  the  combination 
of  two  parts,  the  transfer  function  and  the  noise  model. 

The  six  programs  were  integrated  to  such  an  extent  that  all  the  informa- 
tion the  user  needs  to  supply,  except  for  the  planned  obligation  and  actual  ex- 
penditure raw  data,  are  put  into  the  system  in  response  to  direct  requests  by 
the  program.  The  raw  data  should  bo  entered  into  two  files  called  XDATA,  for 
planned  obligations,  and  YDATA,  for  actual  expenditures.  The  data  should  be 
entered  in  chronological  order  with  one  data  item,  i.e.  , the  dollar  figure  for 
one  month,  on  a line. 

The  first  program,  USlD,  prints  out  several  summary  statistics  that  can 
aid  the  user  in  identifying  the  number  of  coefficients  that  should  bo  included  in 
the  single-series  model  for  planned  obligations."  It  is  nol  always  the  case 
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that  one  can  fit  a good  single-series  model  to  a series  of  observations.  It 
may  be  that  the  amount  of  money  obligated  or  spent  may  vary  widely  over  time. 

It  may  also  happen  that  not  only  the  amount  itself  but  also  the  rate  at  which 
the  amount  changes  from  month  to  month  varies  widely  over  time.  In  these 
cases  it  may  be  necessary  to  "difference"  the  raw  data  to  remove  these  wide 
variations  over  time,  as  explained  in  the  chapter  called  "Non stationary 
Linear  Models"  in  Box  and  Jenkins.  The  first  difference  of  a scries  is  another 
series.  The  first  element  of  the  first  difference  series  is  equal  to  the  differ- 
ence between  the  second  and  first  elements  of  the  original  series,  the  second 
element  of  the  first  difference  series  is  equal  to  the  difference  between  the 
third  and  second  elements  of  the  original  series  and  so  on.  Differencing  a 
series  once  will  remove  the  variation  over  time  of  the  level  of  a series.  The 
second  difference  of  a series  is  the  first  difference  of  the  first  difference  and 
so  on.  The  second  difference  removes  both  variability  over  time  of  the  amount 
obligated  or  spent  and  the  variability  over  time  of  the  month -to-month  change 
in  amount.  Differences  higher  than  the  second  are  almost  never  needed  in 
practice.  USID  needs  to  know  whether  the  user  is  planning  to  do  a transfer 
function  analysis  and  what  the  characteristics  of  the  planned  obligations  data 
are.  USID  determines  the  first  by  asking  for  the  number  of  input  streams  the 
user  wants  to  use.  If  the  user  enters  "2"  then  the  program  assumes  that  he/ 
she  wishes  to  perform  a transfer  function  analysis,  if  the  user  has  provided 
only  one,  then  the  program  assumes  that  he/she  wishes  to  do  single-sei ies 
analysis  only.  The  characteristics  USID  needs  are  the  number  of  data  point 
per  series,  the  degree  of  differencing  required  - two  or  less  - and  the  number 
of  terms  in  the  autocorrelation  and  partial  autocorrelation  functions  which  should 
be  calculated.  The  program  refers  to  these  characteristics  as  "N,  DITF, 
MAXCOR."  The  autocorrelation  and  partial  autocorrelation  functions  desciibe 
how  planned  obligations  affect  present  planned  obligations.  Their  interpreta- 
tions discussed  at  great  length  in  Box  and  Jenkins'  book,  under  "Linear  Sta- 
tionary Models."  USID  calculates  the  two  differenced  series,  one  for  planned 
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planned  obligations  and  the  two  functions  are  printed  out.  If  the  user  answers 
"1"  to  "CREATE  OUTPUT  FILES  WITH  CURRENT  FILES,"  the  two  differenced 
series,  with  the  sample  means  removed,  will  be  passed  to  UTID  and  UTES,  the 
differenced  planned  obligations  series  will  be  passed  to  USES,  and  the  func- 
tions will  be  passed  to  USPE. 

Once  finished  with  USID  the  user  should  proceed  to  the  second  program, 
USPE.  USPE  produces  preliminary  estimates  for  the  coefficients  of  the  single- 
series model,  that  is,  the  coefficients  of  past  months'  planned  obligations. 

The  program  prompts  the  user  by  writing  "ENTER  P,Q,  EPSILON,  AND  MAXITER." 

P is  the  number  of  coefficients  in  the  autoregressive  (finite)  part  of  the  model, 

Q is  the  number  of  coefficients  needed  to  describe  the  moving  average  (infinite) 
part  of  the  model,  and  EPSILON  is  the  tolerance  to  which  the  coefficients  will 
be  calculated.  The  program  uses  an  iterative  procedure  to  calculate  the  coeffi- 
cients, and  MAXITER  is  the  maximum  number  of  iterations  the  program  will  per- 
form before  giving  up.  Reasonable  values  for  EPSILON  and  MAXITER  are  .001 
and  100,  respectively.  If  the  estimates  cannot  be  computed  to  the  desired  accu- 
racy, a message  stating  the  reason  for  failure  will  be  printed.  Otherwise,  the 
estimates  will  be  printed,  autoregressive  coefficients  in  the  column  labeled 
"PHI(I)"  and  moving  average  coefficients  in  the  column  labeled  "TBETA(I)."  If 
the  user  is  dissatisfied  with  this  set  of  estimates  — see  below  — he/she 
should  specify  that  the  file  IWFIITE  not  be  created  at  this  time.  This  is  done 
by  pushing  the  carriage  return  key.  This  will  cause  USPE  to  query  "CHANGE 
INPUTS?";  the  user  should  reply  "1."  Then  the  user  should  specify  alternate 
values  for  P and  Q.  This  process  should  be  repeated  until  the  user  finds  the 
most  satisfactory  P and  Q at  which  time  he/she  should  direct  that  the  file 
IWHITE  be  created.  The  program  will  pass  these  initial  estimates  to  USES  and 
stop.  Here  are  some  reasons  why  the  user  might  be  dissatisfied  with  a partic- 
ular model: 

1.  The  coefficients  lie  outside  the  stability  or  invcrtibility 

regions  defined  by  Box  and  Jenkins  in  their  chapter  "Linear 
Stationary  Models."  An  unstable  or  non-invertible  model 
is  not  valid  and  should  not  be  used. 
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Program  number  three,  USES,  uses  a non-linear  least  squares  technique, 
described  in  Section  7.2  of  Box  and  Jenkins'  book,  to  produce  approximate  max- 

27 

imum  likelihood  estimates  for  the  coefficients  in  the  single-series  model.  - 
This  program  asks  for  the  following  items  of  information  from  the  user;  the 
number  of  desired  terms  of  the  autocorrelation  function  for  the  noise,  the  mean 
of  the  differenced  data,  and  whether  or  not  the  user  is  allowing  for  a seasonal 
effect.  The  number  of  autocorrelation  terms  need  not  be  the  same  as  that  speci- 
fied for  USID.  If  the  user  used  USID  to  difference  the  data  the  mean  will  be  zero. 
If  the  user  is  using  USID  and/or  USPE,  no  allowance  will  be  made  for  seasonality. 
USES  then  begins  the  iterative  least  squares  procedure.  At  every  iteration  the 
program  prints  "BETA,"  followed  by  the  coefficient  estimates  for  the  current  iter- 
ation, and  "SBO,  " followed  by  the  estimated  likelihood  function  for  the  current 
iteration  and  the  previous  iteration.  When,  and  if,  the  iterative  process  converges 
the  following  are  printed  out: 

1.  Final  estimates  of  the  coefficients. 


A final  estimate  of  the  likelihood  function. 

The  covariance  matrix,  standard  deviation  vector,  and  correlation 
matrix  for  the  coefficient  estimates. 

The  noise  series  resulting  from  the  single-series  model  using 
the  above  coefficients. 


2/  An  understanding  of  maximum  likelihood  estimation  is  not  necessary.  For  a 
discussion  of  tno  topic  seo  any  good  Introductory  statistics  toxt,  o.g.,  tho 
book  by  Iiogg  and  Craig . 
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5.  The  estimated  variance  of  the  noise  series. 

6.  The  estimated  autocorrelation  function  of  the  noise  series. 

7.  A chi-square  statistic  evaluating  how  well  the  noise  series 
approximates  white  noise.  White  noise  will  be  explained 
below. 

If  the  standard  deviations  of  the  coefficient  estimates  are  large,  where  "large" 
is  subjective,  .20  for  example,  the  estimates  of  the  coefficients  are  not  very 
precise.  There  is  not  much  that  can  be  done  to  improve  the  precision  of  the 
estimates  except  procure  more  data.  If  correlations  among  estimates  are  close 
to  1 or  -1,  the  estimates  are  suspect,  because  high  correlation  between  esti- 
mates may  mean  that  the  estimated  likelihood  function  poorly  approximates 
the  true  likelihood  function. 

Whether  or  not  the  correlations  are  "close"  to  1 or  -1  is  a subjec- 
tive decision.  The  estimated  noise  variance  should  be  compared  with  line  zero 
of  COV  (I)  in  program  USPE  to  determine  how  effective  the  model  is  in  reducing 
the  amount  of  noise.  White  noise  is  a series  of  independent,  identically  distrib- 
uted normal  random  variables.  The  terms  of  the  autocorrelation  function  are  all 
zero.  The  chi-square  statistic  shows  how  well  the  noise  series  approximates 
white  noise.  A poor  approximation  is  an  indication  that  a different  model 
should  be  tried.  All  this  assumes  that  the  iterative  process  will  converge. 
Unfortunately  this  does  not  always  happen.  If  estimates  at  a given  iteration  lie 
outside  the  invertibility  or  stability  regions  then  the  noise  values  or  the  likeli- 
hood function  may  overflow  the  word  size  of  the  computer.  From  then  on  the 
programs  calculations  will  be  incorrect,  so  the  user  should  stop  the  program 
and  go  back  to  USPE  to  try  another  model.  Also  it  sometimes  happen  that  the 
procedure  will  seem  to  take  an  eternity  to  converge.  The  estimates  produced 
in  such  a case  should  be  viewed  with  scepticism,  and  th  user  may  elect  to 
halt  the  program  before  convergence  and  return  to  USPE  to  try  another  model. 

The  fourth  program,  UTID,  performs  the  same  sort  of  analysis  for  the 
transfer  function  model  that  USID  performs  for  the  single-series  model.  Where 
USID  produces  several  functions  useful  in  identifying  the  order  of  a single  series 
model,  that  is,  how  many  coefficients  are  in  the  autoregressive  part  and  how 
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many  in  the  moving  average  part,  UTID  produces  a number  of  functions  useful  in 
in  identifying  the  order  of  a transfer  function  model.  There  are  five  ports  to 
the  order  of  the  transfer  function  model:  the  number  of  past  months'  actual 
expenditures  in  the  transfer  function,  the  number  of  months'  delay  before 
planned  obligations  begin  to  affect  actual  expenditures,  the  number  of  month's 
planned  obligations  in  the  transfer  function,  the  number  of  coefficients  in  the 
autoregressive  part  of  the  noise  model,  and  the  number  of  coefficients  des- 
cribing the  moving  average  part  of  the  noise  model.  For  mathematical  reasons 
the  third  element  in  the  order,  number  of  planned  obligations,  is  given  as  one 
less  than  the  number  of  past  months  used;  there  will  be  a zeroth  term  in  the 
model  to  take  care  of  this . To  study  the  order  of  the  transfer  function  model 
UTID  takes  the  single  series  model  found  in  USES  and  applies  it  to  both  the 
planned  obligations  and  the  actual  expenditures.  This  is  called  " pre whitening " 
the  obligations  and  expenditures.  UTID  then  prints  out  the  autocorrelation 
function  for  the  prewhitened  planned  obligations,  the  autocorrelation  function 
for  the  prewhitened  actual  expenditures,  the  crosscorrelation  function  between 
the  two  prewhitened  series,  and  estimates  of  the  transfer  function  weights 
(See  page  B-2),  the  autocorrelation  function  for  the  resulting  noise  series,  and 
partial  autocorrelation  function  for  the  noise  series.  The  first  column,  RAA(K), 
contains  the  autocorrelations  for  obligations;  the  second  column,  RBB(K),  con- 
tains the  autocorrelations  for  expenditures;  the  third  and  fourth  columns 
RAB(K)  and  RAB(-K),  contains  the  crosscorrelations;  the  fifth  column,  V(K),  con- 
tains the  transfer  function  weights.  The  noise  autocorrelations  and  partial  auto- 
correlations are  in  the  first  and  second  columns  respectively  of  the  second  table. 
The  crosscorrelations  in  column  three  are  a measure  of  how  much  planned  obli- 
gations in  a given  month  affect  actual  expenditures  in  later  months.  The  cross- 
correlations in  column  four  constitute  a measure  of  how  much  actual  expendi- 
tures in  a given  month  affect  planned  obligations  in  later  months.  The  cross- 
correlations in  column  four  constitute  a measure  of  how  much  actual  expendi- 
tures in  a given  month  affect  planned  obligations  in  a later  month.  Of  these 
five  columns  the  one  which  should  most  concern  the  user  is  the  fifth, 

the  transfer  function  weights.  There  are  two  reasons  for  this . First,  in  their 
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section  on  identification  of  transfer  function  models  Box  and  Jenkins  show 
how  to  relate  the  transfer  function  weights  to  the  number  of  months  past 
actual  expenditures,  the  delay  before  planned  obligations  begin  to  affect 
actual  expenditures,  and  the  number  of  months  planned  obligations.  Second, 
the  number  of  weights  that  the  user  thinks  to  be  significant  determine  how 
the  program  calculates  the  autocorrelation  and  partial  autocorrelation  functions 
for  the  noise.  UTID  first  asks  the  user  how  many  transfer  function  weights 
he/she  would  like  to  see  and  how  many  he/she  wishes  the  program  to  use  in 
calculating  the  noise  autocorrelation  and  partial  autocorrelation  functions. 

The  program  will  print  table  of  the  transfer  function  weights  and  noise  autocorrela- 
tion and  partial  autocorrelation  functions.  At  this  point,  the  user  may  change  the 
number  of  transfer  function  weights  to  be  calculated  and/or  the  number  of  weights 
to  be  used  in  calculating  the  noise  statistics.  When  the  user  is  satisfied  with 
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the  current  set  of  weights,  UTID  will  pass  the  information  on  to  UTPE  and  will  stop. 

UTPE,  the  fifth  program,  presents  preliminary  estimates  for  the  coeffi- 
cients of  the  transfer  function  model  in  much  the  same  manner  that  USPE  pre- 
sents preliminary  estimates  for  the  coefficients  in  the  single-series  model 
The  program  first  requests  "R,S,B,"  where  R is  the  number  of  past-months 
actual  expenditures.  The  estimated  coefficients  are  then  printed  out.  If  the 
coefficients  for  past  expenditures  are  outside  the  stability  region  or  if  the  user 
thinks  another  transfer  function  may  provide  a better  fit,  the  user  can  specify 
an  alternate  R,S,  and  B.  When  a satisfactory  transfer  function  is  obtained  UTPE 
moves  on  to  the  noise  model.  Since  the  noise  model  is  a single-series  model 
applied  to  the  noise,  this  part  of  UTPE  is  a copy  of  USPE:  it  asks  for  P the 
number  of  autoregressive  coefficients , Or  the  number  of  moving  average  coeffi- 
cients, EPSILON,  tolerance  to  which  the  coefficients  will  be  calculated,  and 
MAXITER  the  maximum  number  of  iterations  the  preliminary  estimation  procedure 
will  do.  When  a satisfactory  noise  model  is  obtained  the  program  asks  if  the 
user  wishes  to  try  a new  transfer  function.  If  the  answer  is  yes  UTPE  starts  all 
over;  if  the  answer  is  no  UTPE  passes  the  initial  estimates  to  UTES  and  stops. 
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The  final  program  is  UTES.  It  takes  the  initial  estimates  of  transfer 
function  coefficients  and  performs  the  nonlinear  least  squares  estimation 
procedure  used  in  USES  to  produce  approximate  maximum  likelihood  estimates. 
The  only  information  the  user  must  supply  is  the  number  of  terms  for  the  auto- 
correlation and  cross  correlation  functions.  The  same  number  of  terms  is  com- 
puted for  each  function.  Like  USES,  UTES  prints  a number  of  estimates  and 
statistics.  Box  and  Jenkins  discuss  the  interpretation  in  sections  7.1  and 
11.3  of  their  book.  These  are  the  estimates  and  statistics  produced: 

1 . Estimates  of  the  transfer  function  coefficients  at  each 
iteration. 

2.  An  estimate  of  the  likelihood  function  at  each  iteration. 

3.  Final  estimates  of  the  transfer  function  coefficients. 

4.  Final  estimate  of  the  likelihood  function. 

5.  The  estimated  variance  of  the  final  noise. 

6.  The  covariance  matrix,  standard  deviation  vector,  and 
correlation  matrix  of  the  estimates  of  the  coefficients. 

7.  The  final  noise  series. 

8.  The  autocorrelation  function  of  the  final  noise. 

9.  A chi-square  statistic  comparing  the  final  noise  autocorrelation 
function  to  a white  noise  autocorrelation  function. 

10.  The  crosscorrelation  function  between  the  noise  of  the  single- 
series model  for  planned  obligations  and  the  final  noise  of 
the  transfer  function  model. 

11.  A chi-square  statistic  comparing  the  crosscorrelation  function 
to  the  crosscorrelation  function  between  two  white  noise  series. 

Most  of  these  statistics  have  the  same  interpretation  as  those  given  the  corres- 
ponding statistics  printed  by  USES.  However,  there  is  a different  interpretation 
put  on  the  last  four.  If  the  autocorrelation  function  does  not  look  like  the  auto- 
correlation function  of  a white  noise  series,  that  is  an  indication  that  an  in- 
correct transfer  function  was  used.  If  the  crosscorrelation  function  does  not 
look  like  the  crosscorrelation  function  between  two  white  noise  processes  but 
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the  autocorrelation  function  does  look  like  the  autocorrelation  function  of 
white  noise,  this  indicates  that  tn  incorrect  noise  model  was  used.  All 
terms  in  the  crosscorrelation  function  between  two  white  noise  series  are 
zero.  As  was  the  case  in  USES,  there  are  times  when  the  least  squares  pro- 
cedure will  fail.  If  that  happens,  the  user  should  go  back  to  UTPE  and  start 
again . 

The  user  will  find  in  Figure  E-l  a flowchart  describing  the  action 
taken  by  the  programs  and  by  the  user  at  every  stage,  including  the  options 
open  to  the  user. 

There  are  four  things  of  which  the  user  should  beware.  One,  the 
possible  failure  of  the  least  squares  procedure,  has  already  been  discussed. 

The  second  is  exceeding  array  limits  set  in  the  programs.  Due  to  space 
limitations  of  the  computer  on  which  the  programs  were  written,  the  longest 
series  the  program  can  handle  has  fifty  observations.  The  maximum  number 
of  coefficients  which  can  be  estimated  is  ten.  In  all  programs  the  maximum 
number  of  autocorrelations  allowed  is  thirty.  Third,  the  user  should  be  sure 
that  he/she  knows  what  set  of  coefficients  are  being  passed  from  one  program 
to  another.  USPE  passes  to  USES  the  last  set  of  initial  estimates  calculated. 
UTID  passes  to  UTPE  the  last  set  of  transfer  function  weights  and  the  last 
noise  autocorrelation  and  partial  autocorrelation  functions  calculated.  UTPE 
passes  to  UTES  the  last  set  of  transfer  function  coefficients  and  the  last  set 
of  noise  function  coefficients  calculated.  If  the  user  thinks  one  set  of  coeffi- 
cients has  been  passed  when  in  reality  another  set  has  been  passed,  the  user 
will  very  likely  reach  erroneous  conclusions.  Fourth,  the  user  should  ascertain 
that  the  programs  have  been  modified  for  the  FORTRAN  compiler  in  use  by  the 
particular  computer  system  on  which  they  are  to  be  run.  Unlike  most  FORTRAN 
compilers,  the  compiler  for  which  these  programs  were  written  does  not  allow 
carriage  control  characters  in  FORMAT  statements.  Also  its  rules  for  inserting 
a comment  or  continuing  a statement  on  a following  line  differ  from  standard 
FORTRAN.  Further,  the  compiler  allows  zero  or  negative  indexing  for  DO-loops. 
Other  incompatibilities  may  exist  between  the  TORTRAN  in  which  the  programs 
were  written  and  the  FORTRAN  in  use  on  another  system. 
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If  the  user  wishes  to  bypass  or  omit  some  programs  in  the  sequence 
he/she  can  do  so  by  creating  the  files  required  by  the  programs  the  user 
wants  to  use.  Figure  E-2  illustrates  how  the  files  are  passed  from  one  pro- 
gram to  another,  and  the  following  paragraphs  describe  the  various  files, 
their  purposes,  and  their  formats. 

The  most  important  files,  the  ones  the  casual  user  need  worry  most 
about,  are  the  files  containing  the  two  sets  of  raw  data.  The  user  should 
put  the  planned  obligations,  in  chronological  order,  into  a file  called  XDATA 
and  should  put  the  actual  expenditures,  in  chronological  order,  into  a file 
called  YDATA.  Each  file  is  read,  one  datum  to  a line,  in  F10.3  format. 

Probably,  the  two  next  most  important  files  are  the  files  of  transformed 
data,  XFILE  and  YFILE.  To  generate  XFILE  from  XDATA,  the  program  USID  per- 
forms the  degree  of  differencing  requested  by  the  user,  finds  the  mean  of  the 
differenced serie s , and  subtracts  the  mean  from  each  element  of  the  differenced 
series.  YFILE  is  generated  from  YDATA  in  the  same  manner.  ■ XHLE  and 
is  an  input  file  to  USES,  and  both  XFILE  and  YFILE  are  input  files  to  UTID  and 
UTES.  There  are  several  reasons  why  a user  might  wish  to  use  a different 
XFILE  or  YFILE.  USID  assumes  that  the  sample  mean  of  the  differenced  data 
is  the  true  mean  of  the  process  which  generated  the  data.  If  the  user  believes 
that  that  is  not  the  case  but  does  not  know  the  true  mean,  he/she  can  construct 
an  XFILE  using  the  data  without  the  sample  mean  removed  and  let  USES  estimate 
the  mean.  If  the  user  believes  that  he/she  does  know  the  true  mean,  he/she 
can  remove  the  true  population  mean  from  the  data,  create  an  XFILE  and  a YFILE, 
and  use  those  files  in  UTID  and  UTES.  Both  XFILE  and  YFILE  should  be  con- 
structed as  follows:  the  first  line  consists  of  the  number  of  data  points,  written 
in  14  format,  and  each  succeeding  line  contains  one  monthly  datum  written  in 
FI  2 . 6 format . 

One  other  file  is  constructed  by  USID.  That  file  is  DUSPE,  and  it  is 
an  input  file  for  USPE.  Three  types  of  data  are  contained  in  DUSPE: 

1 . The  largest  time  lag  for  which  an  autocorrelation  coefficient 
is  calculated,  written  in  14  format. 


2.  Coefficients  in  the  autocorrelation  function  of  the  differenced 
planned  obligations  series  from  the  zeroth  term  to  the 
largest,  written  one  number  to  a line  in  FI 2. 6 format. 

3.  The  mean  of  the  differenced  planned  obligations  series, 
written  in  F12.6  format. 

The  user  may  wish  to  construct  an  alternate  DUSPE  file  to  see  what  estimates 
would  be  produced  from  an  alternate  autocorrelation  function. 

The  products  of  program  USPE,  the  initial  estimates  of  coefficients  in 
the  single-series  model,  are  passed  to  program  USES  via  the  file  IWHITE.  The 
first  record  of  IWHITE  contains  the  number  of  coefficients  in  the  autoregressive 
(finite)  part  of  the  single  series  model.  The  second  record  contains  the  number 
of  coefficients  used  to  describe  the  moving  average  (infinite)  part  of  the  single 
series  model.  These  are  each  written  in  14  format.  The  remainder  of  the  file 
consists  of  the  preliminary  estimates  of  the  coefficients,  one  to  a line,  written 
in  F12.6  format.  A user  may  wish  to  construct  an  IWHITE  file  to  test  whether  or 
not  the  initial  estimates  have  a significant  effect  on  the  final  estimates  pro- 
duced by  USES. 

FWHITE  is  a file  consisting  of  final  estimates  of  the  single-series  model 
coefficients.  It  is  produced  by  program  USES.  It  is  written  in  exactly  the  same 
format  as  file  IWHITE.  FWHITE  is  used  by  program  UTID  to  prewhiten  (see 
discussion  of  UTID  above)  both  the  planned  obligations  data  and  the  actual 
expenditures  data.  It  is  also  used  by  program  UTES  to  check  the  crosscorrela- 
tion between  the  noise  produced  by  the  single-series  model  for  planned  obliga- 
tions and  the  final  noise  for  the  transfer  function  model.  If  the  user  has  several 
alternate  single  series  models  with  coefficient  estimates,  by  constructing 
FWHITE  files  he/she  can  develop  alternate  transfer  function  models  through 
UTID,  UTPE,  and  UTES  without  having  to  run  USES  each  time. 

UTID  writes  a file  called  PR50UT  which  contains  rough  estimates  of  the 
transfer  function  weight  to  be  used  in  UTPE  to  generate  preliminary  estimates 
of  the  three  parts  of  the  transfer  function:  past  actual  expenditures,  present 
and/or  past  planned  obligations,  and  the  delay  before  planned  obligations 


affect  actual  expenditures.  Also  contained  in  PR50UT  are  the  terms  in  the 
autocorrelation  function  of  the  noise  left  after  the  transfer  function  has  been 
applied.  As  USPE  uses  the  autocorrelation  function  in  DUSPE  to  construct  a 
single  series  model  for  planned  obligations,  so  UTPE  uses  the  autocorrelation 
function  in  PR50UT  to  construct  the  noise  model.  PR50UT  is  written  as 
follows,  one  datum  to  a line: 

1 . The  maximum  number  of  past  months  for  which  the  transfer 
function  weights  are  significantly  different  from  zero, 
written  in  14  format. 

2.  The  rough  estimates  of  the  transfer  function  weights,  written 
in  FI 2 . 6 format. 

3.  The  noise  autocorrelation  function,  also  written  in  FI 2. 6 
format . 

UTPE  produces  a file,  PR6GUT,  which  feeds  to  UTES  all  of  the  following: 

1.  The  number  of  monthd  past  actual  expenditures' in  the 
transfer  function. 

2.  The  number  of  months'  planned  obligations  less  one. 

3.  The  number  of  months  delay  before  a planned  obligation 
affects  actual  expenditures. 

4.  The  number  of  coefficients  in  the  autoregressive  part  of  the 

noise  model.  ; 

5.  The  number  of  coefficients  describing  the  moving  average 

I 

part  of  the  noise  model. 

6.  Preliminary  estimates  for  all  coefficients . 

As  per  usual  each  line  contains  only  one  number.  Items  1 through  5 are  written 
in  14  format,  the  coefficients  are  written  in  FI 2. 6 format. 

The  final  file  is  MODEL,  which  is  created  by  program  UTES.  It  contains 
final  estimates  of  all  coefficients  in  che  transfer  function  model.  The  file  is 
written  in  the  same  format  as  file  PRGOUT. 

There  are  several  improvements  which  users  may  wisli  to  make  to  the 
set  of  programs.  Two  of  the  most  important  arc  to  expand  the  array  bounds  to 
enable  the  programs  to  accept  longer  series  and  to  allow  the  programs  to  take 
into  account  effects  of  seasonality  in  the  data. 

J 
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As  the  programs  now  stand,  TJSID  can  accept  a scries  of  length  100, 
UTID  a series  of  length  300,  and  USES  and  UTES  series  of  length  50.  As 
USPE  and  UTPE  do  not  use  the  series  directly,  they  can  handle  any  length. 

If  the  user's  computer  system  has  enough  main  memory  it  is  advisable  to 
alter  USES  and  UTES  to  accept  series  of  length  at  least  100.  32K  16-bit  words 
or  16K  32-bit  words  is  surely  enough  main  memory.  For  USES  the  following 
changes  must  be  made: 

1 . In  every  routine  in  which  they  are  found 

a.  dimension  "Z"  as  (100) 

b.  dimension  "W"  as  (115) 

c.  dimension  "RESID"  as  (115) 

2.  In  subroutine  LSQEST  dimension  "WORK  1"  as  (115) 

3.  In  subroutine  MARQUA 

a.  dimension  "AT"  as  (115) 

b.  dimension  "X"  as  (10,115) 

In  UTES  the  following  changes  must  be  made: 

1 . In  every  routine  in  which  they  are  found 

a.  dimension  "X"  as  (100),  except  in  MARQUA 

b.  dimension  "Y"  as  (100) 

c.  dimension  "RESID"  as  (100) 

2.  In  subroutine  ESTIM 

a.  in  COMMON  block  SERIES  change  "DUMMY  (65)"  to 
"DUMMY  (115)." 

b.  dimension  "WORKl"  as  (115) 

3.  In  subroutine  MARQUA 

a.  in  COMMON  block  SERIES  "DUMMY  (65)"  should  be 
changed  to  "DUMMY  (115)" 

b.  dimension  "RESIDT"  as  100 

c.  dimension  "X"  as  (10,100) 

4.  In  subroutine  CRESID 

a.  dimension  "SCRIPT"  as  (100) 

b.  dimension  "SMALLN"  as  (100) 
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5 . In  subroutine  STATS 7 

a.  dimension  "A"  as  (100) 

b.  dimension  "ALPHA"  as  (100) 

As  the  package  is  currently  written  only  USES  allows  the  user  to  take 
into  account  the  effects  of  seasonality.  Seasonality  in  transfer  functions  is 
not  addressed  in  Box  and  Jenkins'  book;  they  give  no  directions  on  how  to 
modify  UTID,  UTPE,  or  UTES.  Here  are  three  general  suggestions  t<5  be  followed 
in  converting  USID  and  USPE  so  that  they  can  do  seasonal  analysis. 

1 . Give  USID  the  capacity  to  do  seasonal  differencing. 

Whereas  in  regular  differencing  an  observation  is  sub- 
tracted from  the  next  observation,  in  seasonal  differencing 
an  observation  is  subtracted  from  the  observation  S months 
later,  where  S is  the  period  of  the  seasonal  effect. 

2.  Allow  USPE  to  determine  initial  estimates  of  the  autore- 
gressive and  moving  average  coefficients  of  a single  series 
seasonal  model.  See  Box  and  Jenkins'  book,  chapter  9,  for 
a discussion  of  single  series  seasonal  models. 

3.  Change  the  format  of  file  IWHITE  to  allow  the  inclusion  of 
seasonal  coefficients. 

A third  possible  embellishment,  one  for  which  current  analysis  indicates 
the  planned  obligations/actual  expenditures  have  no  need,  is  to  enable  the  pro- 
grams to  perform  logarithmic  or  power,  e.g.  square  root,  transformations  on  the 
undifferenced  raw  data.  This  could  be  done  with  relative  ease  by  causing  USID 
to  ask  if  the  user  wishes  to  have  the  data  transformed.  If  so,  then  USID  would 
ask  for  the  transformation  parameters  and  perform  the  transformations  before 
proceeding . 

This  has  been  a brief  outline  of  how  to  use  the  six  Box-Jenkins  estima- 
tion programs.  The  curious  --  and  very  hardy  --  user  can  find  out  more  about 
the  inner  workings  of  the  programs  by  perusing  the  program  listings  which  follow. 
There  are  listings  for  USID,  USPE,  USES,  UTID,  UTPE,  UTES,  and  for  MATINV, 
a matrix  inversion  program  used  in  USPE,  USES,  UTPE  and  UTES. 


Start  Program 
USID 


User  enters  numbers  for  length  of 
series,  degree  of  differencing,  an 
number  of  terms  to  be  used  In  the 
autocorrelation  calculations. 


USID  computes  autocorrelation 
and  partial  autocorrelation  and 
lists  these  values  and  the  dif- 
ferenced scries . 


/Is  user  sat- 
isfied with  de 
gree  of  dif- 
\ ferencing  ? , 


Output  file, 
DUSPU , created 
with  transformed 
series . 


Start  Piogram 


.3 

t 


t 


r.-i7 


PSP*  > 


User  enters  number  of  terms  for 
correlation  computation  and  mean 
of  differenced  data  (mean  is  zero 
if  input  from  USPE  is  used)  . 


USES  computes  maximum  likelihood 
estimates  for  the  prewhitening 
parameters.  A least  square  meth- 
od is  used . 


Output  file 
FWHITE 
is  created . 


Start  Program 


User  enters  number  of  transfer  func- 
tion weights  to  be  used  and  the 
number  of  weights  for  noise. 


UTID  calculates  transfer  function 
weights,  autocorrelations  for  the 
prewhitened  series  of  obligations 
and  expenditures,  crosscorrelation 
between  obligations  and  expendi- 
tures, and  autocorrelation  and  par- 
tial autocorrelation  of  noise. 


Output  file 
PR50UT  created 
with  current  data 


Start  Program 
UTPE 


User  puts  trans- 
fer functions  ord 
ers  into  UTPE 


/Coes  user 
wish  to  try  a 

. different 
\ order? 


UTPE  computes 
initial  estimates 
for  the  coeffici- 
ents in  the  noise 
function . 


<Coes  the  user\ 
wish  to  try  a 
different  order 
for  the  trans- 
fer function  ?/ 


File  PR60UT  is  created  with  all 
the  computed  coefficients  for  the 
transfer  function  and  noise  model 


Start  Piogram 
UTER 


User  types  in 
maximum  number 
of  delay  factors 
to  be  used . 


|UTES  computes  the  maximum  likeli 
for  the  transfer 


lood  estimates 
unction  and  noise  model 


Output  file, 
MODEL,  is 
created . 
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